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ABSTRACT 

The  rate  of  asc()rl)ic  acid  release  from  tlie  adrenals  of  intact  rats  in  response 
to  endoftenous  AC'TH  secretion  has  been  systematically  determined  followiiiff 
unilateral  adrenalectomy,  sham-adrenalectomy,  cannulation  of  femoral  artery 
and  vein,  sciatic  nerve  stimulation,  and  the  subcutaneous  administration  of  L- 
cpinephrine.  The  adrenal  activation  in  response  to  AC'TH  administered  to 
hyi)oi)hysectomized  rats  has  ajso  been  investigated.  Examination  of  the  kinetics 
of  the  adrenal  ascorbic  acid  rc'sponse  to  either  endogenous  or  exogt'iious  AC’TH 
rcv(‘als  that  regardless  of  the  type  of  experimental  procedure  ajjplied  as  a  stre.ss 
the  adrenal  a.scorbic  acid  changes  occur  at  a  uniform  rate.  Calculation  of  the 
relative'  rates  of  adri'iial  ascorbic  acid  dei)letion  and  repletion  indicates  that 
the  rate'  eef  ase-eerbic  ae'iel  leess  freem  the  rat  aelre'iial  is  abemt  120  time's  meere' 
rapid  tluin  the'  rate'  eef  re'e'eevery.  A  line'ar  re'latieenship  between  the'  leeg  eleese' 
and  re'sieemse  can  be  re'liably  elemeenstrate'el  for  elosc's  eef  AC’TH  up  te>  a  gg. 
whe'ii  the'  usual  eene  heeur  interval  is  e'mpleeyeel  betwe'en  inje'ction  eef  AC'l'H 
and  adre'iial  glanel  re'ineeval.  Dee.se's  eef  AC’TH  greater  than  5  gg.,  eer  severe* 
^tri'sse's  (i.e.  unilateral  aelrenale'cteemy)  re-eiuire  longer  time  intervals  tee  attain 
maximal  aelre'iial  ascorbic  ae'iel  elepletion.  The  range  eif  the  eleise'-respemse  curve* 
for  adre'iial  ascorbic  aciel  eli'iiletion  may  be  exte'ndi'il  a])pre'ciably  by  using  a  two- 
hour  inte'ival  be'twi'en  AC’TH  inje'ctiem  and  ri'inoval  of  the*  sei'ond  aelri'iial 
glanel.  Feiur  hemrs  after  unilateral  aelrenale'ctomy  an  incre'ase  in  weight  of  the 
ri'inaining  aelrenal  can  be  elememstrate'el.  This  rajiiel  incre'ase  in  aelrenal  we-ight 
IS  not  the  re'siilt  eif  a  true*  tissue  hyiiertreijihy  but  is  the  re'siilt  of  an  accumula¬ 
tion  of  fliiiel  in  the  remaining  aelrenal.  The  reliability  anel  limitatiems  of  the* 
idre'iial  ascorbic  aciel  inelex  feir  epiantitative  .\CTH  e'stimations  are  iliscusse*el. 

IY('HFASIH)  adrenocortical  activity  is  normally  a.s.sociated  with  a  re- 
luction  in  the  concentration  of  ascorbic  acid  in  the  adrenal  gland.  Al- 
tli  igh  the  depletion  of  adrenal  ascorbic  acid  has  been  widely  used  as  an 
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indirect  index  for  tlie  quantitation  of  ACTH  secretion,  virtually  notl  ig 
is  known  of  the  relationship  between  adrenocortical  hormone  syntli  ds 
and  ascorbic  acid  metabolsim.  Until  specific  detailed  information  is  h- 
tained,  with  respect  to  the  magnitude  and  the  duration  of  the  adn  lal 
ascorbic  acid  changes  which  result  from  activation  by  ACTII,  the  use  il- 
ness  and  reliability  of  this  index  will  remain  in  question. 

A  somewhat  detailed  study  has  been  made  of  the  adrenal  response  to 
ACTH  in  order  to  characterize  the  dynamics  involved  in  this  adrenal  re¬ 
sponse.  No  general  concepts  or  pattern  of  the  early  asco»’bic  acid  respeuse 
to  ACTH  could  be  established  from  the  data  of  earlier  reports  (1)  since 
these  studies  were  confined  to  adrenal  gland  analy.ses  at  20  minutes  and  at 
one  hour.  In  the  present  investigation,  the  time-cour.se  of  the  changes  in 
adrenal  ascorbic  acid  have  been  charted  in  respon.se  to  either  endogenou.s 
or  exogenous  ACTH  in  order  to  clearly  establish  the  kinetics  of  this  re¬ 
sponse. 

EXPERIMENTAL  METHODS 

A  iiimals 

Male  rats  of  the  Sprague-Dawley  strain,  whose  body  weiglit  ranged  from  20(1  300 
gin.,  were  used  in  this  investigation. 

Hypophys(‘etoniized  animals  were  obtained  from  a  commercial  breeder.  They  were 
useil  2-4  days  postoperatively  and  were  carefully  examined  for  completeness  of  hyjioph- 
y.sectomy  at  the  end  of  the  experiments. 

Procedures 

All  animals  were  anesthetized  with  sodium  pentobarbital  (Nembutal),  5  mg.  100 
gm.  body  weight,  given  intrapcritoneally  at  the  time  of  the  experiment. 

I’nilateral  adrenalectomy  was  performed  via  the  dorsal  approach.  The  same  pro¬ 
cedure  was  used  for  the  sham-adrenalectomy,  except  for  the  extirpation  of  the  adrenal. 

('annulation  of  the  femoral  artery  and  vein  was  performed  just  below  the  inguinal 
ligament.  The  femoral  nerve  was  severed  and  the  bloofl  vessels  were  eventually  ticil  off. 

Sciatic  nerve  stimulation  was  carried  out  in  the  following  manner:  the  sciatic  nerve 
was  exposed,  dissected  free  of  fascia,  and  the  iieripheral  end  cut.  Wire  electrodes  were 
placed  on  the  nerve  and  stimulation  carried  out  by  means  of  a  square  wave  stimulator 
connected  to  a  rotary  drum  which  permitted  the  animal  to  receive  the  stimulation  for 
only  15  seconds  of  every  minute.  The  parameters  of  stimulation  w(*re:  frequem  v  of 
100  si‘c.;  pulse  duration  of  1  msec.;  and  voltage  of  7  volts. 

L-ei)inephrine  was  freshly  prepared  from  the  bitartrate  salt  and  made  up  in  a  20  mg.^^ 
solution  of  glutathione  in  .saline  to  prevent  rapid  oxidation.  A  subcutaneous  injection  of 
.■)()  /ig.  in  0.5  ml.  solution  was  given  to  each  experimental  animal  under  anesthesia. 

AGTH  solutions  were  freshly  prepared  each  day  and  kept  refrigerated  when  not  in 
u.se.  ACTH  (Upjohn,  1  U.S.P.  unit  mg.)  lyophilized  powder  was  diluted  with  .salii  so 
that  the  dose  administered  was  contained  in  0.5  ml.  solution.  Intravenous  injeeVons 
were  given  into  the  femoral  vein  in  doses  of  2,  5  and  20  /zg.  per  animal.  The  durati«  i  of 
these  injections  was  approximately  10  seconds. 

Ascorbic  Acid  Analysis  and  Adrenal  Weight  • 

The  adrenals  were  extirpated  via  the  dorsal  approach.  They  were  cleaned  and  ra'  lly 
weighed  on  a  torsion  balance  and  placed  in  0%  trichloracetic  acid  for  subsequen  as- 
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coi  c  acitl  analysis  by  the  method  of  Roe  and  Kuether  (2).  Some  of  the  adrenals  were 
dri  in  an  oven  at  105°  C  for  48  hours  in  order  to  »)btain  the  dry  weights. 

RESULTS 

Vi  cilcral  Adrenalectomy 

1  lilateral  adrenalectomy  is  the  best  procedure  to  use  in  order  to  ol)- 
sei  '  the  progressive  changes  that  occur  in  the  adrenal  ascorl)ic  acid  after 
stit  '  since  the  excised  gland  not  only  serves  as  a  control  but  its  removal 
ah'  icts  as  the  stress  stimulus.  The  second  gland  was  removed  at  varying 
pci  ds  of  time  after  removal  of  the  control  gland  and  the  changes  in  both 
wc!  tnd  dry  weight  and  ascorbic  acid  concentration  were  determined. 

1  illowing  unilateral  adrenalectomy  in  the  rat,  it  has  been  found  that  the 
fall  HI  adrenal  ascorbic  acid  begins  with  great  rapidity  and  can  be  detected 
as  (  lily  as  2  min.  after  the  stress  (Table  1).  The  fall  continues  for  about 
four  hours;  thereafter  the  concentration  in  the  gland  begins  to  increase, 
reipnring  30  hours  before  tlie  initial  level  is  restored.  The  data  in  Table  1 
show  that  if  a  compariison  is  made  between  the  percentage  change  in  total 
ascoibic  acid  in  the  gland  and  the  concentration  of  adrenal  ascorbic  acid 
following  removal  of  one  adrenal,  a  significant  difference  is  observed  l)e- 
tw(‘cn  tliese  parameters  during  the  recovery  phase.  Total  adrenal  ascorbic 
acid  returns  more  rapidly  to  normal  levels  than  is  apparent  from  a  deter¬ 
mination  of  ascorbic  acid  concentration.  This  is  due  to  the  marked  increase 
in  adrenal  weight,  evident  after  the  fourth  hour,  which  continues  until  a 
maxiinum  increase  is  reached  12  hours  following  removal  of  one  adrenal. 
Reference  to  Table  2  will  show  that  the  increase  in  wet  weight  of  the  re¬ 
maining  adrenal  is  not  associated  with  an  increase  in  its  dry  weight.  The 
rapid  increase  in  adrenal  weight  is  not  the  result  of  a  true  hypertrophy  of 


Tiki.e  1.  Effect  of  unilateral  adrenalectomy  on  adrenal  ascorbic  acid  and 
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No.  of  expts. 

Time  after 
uiiil.  ad  rex. 

%  change  in  adrenal  ascorbic  acid 

VVt.  right  adrenal 

Total 

Cone.  ±  S.E.* 

Wt.  left  adrenal 

() 

0 

+  1.5±().81 

2  mill. 

-  8.(1 

-  2.2  +  1.39 

0.93 

ti 

5  min. 

-1(1.4 

-  5.7  ± 1 .80 

0.88 

(> 

10  min. 

-25.7 

-14.3  ±2.40 

0.87 

() 

15  min. 

-24.8 

-20.7+0.8(1 

0.95 

(i 

80  min. 

-30.4 

-2(1.4+2.32 

0.94 

!> 

1  hour 

-37.9 

-34.5+2.28 

0.95 

(i 

2  hour.^ 

-48.4 

-44.9+3.5(1 

0.93 

(> 

4  hour.s 

-47.1 

-47.0+5.87 

1  .00 

(> 

0  hours 

-40.3 

-39.4 +3. 03 

0.98 

t> 

0  hours 

-19.9 

-20.3+2.09 

1 .08 

10 

12  hours 

-10.8 

-20.0+3.21 

1.12 

8 

15  hours 

—  5.5 

-15.2+2.80 

1.12 

10 

18  hours 

-  (1.1 

-13.1  +3.14 

1 .09 

d 

21  hours 

-  0.5 

-10.4+3.80 

1.12 

(> 

24  hours 

-  3.5 

-10.2+3.85 

1 .07 

—  '  .. 

30  hours 

-  9.1 

-  4.5+3.25 

1.13 

tandard  Error  of  the  Mean. 
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Table  2.  Adrenal  weuuit  chances  kollowinc  i  nilatekal 

ADRENALECTOMY  OK  INTACT  RATS 

Adrciiiil  wcifjlil 


'I'iinc  after 


I  )ry  wciiiht 


\V»*t  wi'igtit 


iinil.  adrex. 

No.  expts. 

Fight 

l,cft 

No.  expts. 

Hight 

heft 

0  2  lirs. 

24 

().i>7 

(><( 

((.K4 

4  hrs. 

1(1 

0.S7 

l(i 

O.KS 

(■>  Ill's. 

O.'.l.T  1 

IK 

1  .02 

12  hrs. 

7  1 

((.ltd 

17 

III 

adrenal  tissue,  hut  is  primarily  due  to  an  aeeuinulation  of  fluid  in  llii'  re¬ 
maining;  adrenal. 

If  the  per  eent  aseorhie  acid  ehange  in  the  adrenal  at  any  time  after  re¬ 
moval  of  one  adrenal  is  plotted  against  the  logarithm  of  time,  a  linear  re¬ 
lationship  is  shown  to  exist.  Figure  1  indicates  that  after  unilateral  adre¬ 
nalectomy,  this  adrenal  response  is  a  direct  function  of  the  log  time  after 
operation.  This  relationship  may  he  expressed  in  the  form  of  an  eijuatioii 
in  which  the  per  cent  adrenal  ascorbic  acid  decrease  can  he  calculated  at 
any  instant  in  time  (minutes).  This  efpiation  is: 


Vf  A. A.  Decrease  =  log  time  —  S 


Fig.  1.  Per  cent  adrenal  aseorhie  aeid  changes  plotteil  against  logarithin  (tf 
following  unilateral  adrenalectomy  of  intact  rats.  F.ach  iioint  represents  the  i 
of  h-lO  rats. 
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T1  (l(Mivative  of  this  e(juation  is: 

(hi  10.0 

<H  t 

Sii  larly,  the  equation  for  the  recovery  phase  of  adrenal  ascorbic  acid  may 
he  itained  from  figure  1 : 

A. A.  l)(‘(*reasc  =  —  .j(i  log  time  +  180 
Di,  rentiating,  we  get : 

(hi  —  24.0 
(II  t 

Wit  I  tliis  information,  the  adrenal  ascorbic  acid  change  at  any  time  after 
rem  -val  of  one  adrenal  can  be  calculated,  as  well  as  the  change  in  rate  of 
tlii'  .idrenal  response. 

(Hh  r  Stresses 

'I'iic  adrenal  ascorbic  acid  changes  which  occur  following  such  experi- 
inciiial  procedures  as  cannulation  of  blood  vessels,  stimulation  of  a  nerve, 
sham  operations,  and  the  injection  of  epinephrine  are  pre.sented  in  Table  ‘.i. 
A  compari.son  may  be  made  between  the  effects  of  endogenously  secreted 
AC'l'll  on  adrenal  ascorbic  acid  depletion  with  the  effect  of  a  single  intra¬ 
venous  injection  of  20  jug.  AC’TII  into  hypophysectomized  rats.  This 
amount  of  ACTM  results  in  a  maximal  depletion  of  adrenal  ascorbic  acid 
(inf?a,  Table  4)  and  is  therefore  used  as  the  standard  for  comparison.  Fig¬ 
ure  2  illustrates  the  straight  lines  obtained  when  the  20  jug.  ACTII  injection 
(lata  are  fitted  by  the  method  of  least  scpiares.  The  o  per  cent  confidence 
limits  for  these  lines  are  represented  by  the  dotted  lines.  The  general  etjua- 
tion  for  the  linear  function  repre.senting  the  adrenal  ascorbic  acid  depletion 
phase  is; 

*  'c  A. .A.  Decrease  =  21.0  log  time  —  4.2 
whereas  the  equation  for  the  recovery  phase  is: 

%  A..\.  Deerea.se  =  — 4().8  log  time  -f  118..") 

\\  hen  the  data  which  were  obtained  from  endogenously  released  ACTII 
(Table  :i)  are  plotted  and  superimposed  on  a  single  graph  (Fig.  2),  it  be¬ 
comes  apparent  that  the  rate  of  adrenal  ascorbic  acid  response  in  the  intact 
rat  o  these  experimental  procedures  is  (pnte  similar  to  that  observed  fol¬ 
low  ig  the  single  intravenous  injection  of  ACTII  into  hypophysectomized 
rat  Figure  2  illu.strates  that  most  of  the  observed  values  lie  within  the  o% 
coi  lence  limits;  therefore  it  may  be  concluded  that  the  rate  of  adrenal 
as(  bic  acid  response  is  uniform  regardless  of  the  type  of  “stress”  em- 
plo  (1. 
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Fig.  2.  IVr  (‘cnt  iidroiiiil  ancorliic  acid  cliaiiKos  plotted  against  logarithm  of  time  fol¬ 
lowing  various  cxporiincntal  procedures  in  intact  rats  or  after  a  single  intravenous  injec¬ 
tion  of  .VC’rn  into  liy|)oi)hysectomized  rats.  TIk'  solid  line  is  obtained  by  fitting  the 
2(t  /ig.  AC'l'H  injeetion  data  by  the  method  of  least  sijuari's  wher(>as  the  dotted  lines 
repre.sent  the  5%  eonfidiuiee  limits  for  this  line'.  The  effects  of  endogenously  released 
.VCTH  on  adrenal  ascorbic  acid  are  superimiiosed  on  this  graph. 


filfusion  of  ACTfl 

Injection  of  ACTH  into  hypophysectoinized  animals  permits  more  exact 
control  of  the  magnitude  and  duration  of  the  ACTH  .stimulus  to  tlie  adrenal 
gland,  therefore  the  adrenal  ascorbic  acid  response  to  specific  (piantities  of 
.VCTH  may  ho  determined.  Experiments  were  performed  on  In  pophysec- 
tomized  rats  to  determine  the  adrenal  respon.se  in  time  to  various  do.ses  of  a 
rapid  single  intravenous  injection  of  ACTH. 

Table  4  gives  the  atlrenal  ascorbic  acid  depletion  obtained  when  2,  5,  and 
20  gg.  ACTH  are  injected  intravenously  into  hypophysectoinized  rats.  The 
similarity  of  the  resulting  adrenal  respon.se  pattern  to  that  observed  follow¬ 
ing  stre.ss  is  illustrated  in  h'igure  R.  It  is  evident  that  at  the  end  of  one  hour 
a  ditference  may  be  detected  between  the  adrenal  ascorbic  acid  depletion 
elicited  by  2  gg.  ACTH  as  compared  to  o  gg.  ACTH.  On  the  other  hand 
two  hours  are  reipiired  in  order  to  detect  a  dilTerential  respon.se  between 
the  larger  do.ses  of  o  and  20  gg.  ACTH. 

It  will  be  noted  (Table  4)  that  no  increase  in  adrenal  weight  occurs  even 
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Fig.  .‘F  'I'Iu'  pattern  of  ailrcnal  a.scorliic  aeiil  clianucs  in  time  followintt  a  rapid  .single 
intravenous  injeetion  of  .VCTH  into  hyiiopliyseetoinized  rats  as  eoiupared  to  the  effeet 
of  a  proloiiffed  si'cretion  of  .VC'i’II  followinfi  unilateral  adnuialeetoiny  of  intact  rats. 


after  the  injeetion  of  20  /uK-  ACTH  into  hypopliyseetoinized  rats.  In  eon- 
trast  to  what  is  oltserved  following  unilateral  adrenaleetoiny,  no  adrenal 
weight  ehaiifre  was  produced  with  any  amount  of  ACTH  itijeeted  intra¬ 
venously  as  a  single  dose  into  hypophyseetomized  animals,  even  though  the 
ascorbic  acid  changes  were  comparable.  This  increase  in  weight  may  be 
dependent  upon  the  different  effects  produced  by  a  limited  or  continuous 
stimulation  of  the  adrenal  cortex  by  AC'TIl. 

DISCUSSION 

The  present  investigation  has  demonstrated  conclusively  that  regardless 
of  the  type  of  experimental  pro(*edure  applied  as  a  stress,  the  adrenal  ascor¬ 
bic  acid  changes  occur  at  a  uniform  rate  that  can  be  linearly  related  to  the 
logarithm  of  time.  This  uniformity  of  response  has  not  been  reported  previ¬ 
ously  and  is  of  significance  when  this  index  is  used  as  evidence  of  ACTH 
i^ecretion.  Moreover,  the  kinetics  of  ascorbic  acid  depletion  must  be  estab¬ 
lished  in  order  to  obtain  a  better  understanding  of  the  relationship  between 
hormonal  synthesis  and  ascorbic  acid  metabolsim  in  the  adrenal  gland. 

Although  the  ascorbic  acid  depletion  index  has  been  used  successfully  in 
the  hypophyseetomized  rat  for  the  (juantitation  of  .\CTH  in  samples  of 
blood,  its  u.«<e  in  the  intact  rat  must  be  tempered  and  (pialified.  The  con¬ 
centration  of  adrenal  ascorbic  acid  in  the  intact  rat  does  not  necessarily 
reflect  the  blood  concentration  of  ACTH  at  that  particular  time  as  indi¬ 
cated  l»y  simultaneous  studies  of  the  blood  level  of  ACTH  and  the  ascorbic 
acid  changes  in  the  adrenals  of  the  intact  rat  (3).  The  results  of  the  present 
study  on  the  effect  of  a  single  intravenous  injection  of  ACTH  in  the  hypoph- 
ysectomized  rat  indicate  that  once  ACTH  has  activated  the  adrenal,  its 
effect  on  the  concentration  of  ascorbic  acid  in  this  gland  continues  long 
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after  the  ACTH  1  las  ilisapj)eared  from  the  blood.  The  rate  of  aseorhie  aeid 
depletion  Is  the  same  regardless  of  whether  this  is  brought  about  by  a  single 
burst  of  .VC'TH  seeretion  (exemplified  by  a  single  injeetion  into  hypophy- 
seetomized  rats)  or  by  a  prolonged  seeretion  as  normally  occurs  in  the  in¬ 
tact  rat.  Xo  indication  of  the  duration  of  .VC’TIl  .'^eeretion  or  of  the  total 
quantity  of  hormone  secreted,  can  be  obtained  by  the  use  of  this  index  in 
the  intact  rat.  On  the  other  hand,  the  adrenal  ascorbic  aeid  depletion  index 
for  .\('T11  assay  is  (juantitatively  reliable  when  hypophyseetomized  rats 
are  employed  under  standardized  conditions  as  in  a  j)reviously  rei)orted 
cross-eireulation  procedure  (4).  Under  these  conditions  the  magnitude  of 
the  fall  in  the  ascorbic  aeid  content  of  the  hypoj)hyseetomized  rat  adrenal 
provides  an  accurate  estimate  of  the  amount  of  .VC'Tll  in  the  infused  sam¬ 
ple  of  blood  at  that  j)artieular  time. 

In  order  to  interpret  the  prolonged,  yet  (piantitative,  adrenal  response  to 
a  single  intravenous  injeetion  of  ACTII  in  the  hypophyseetomized  rat,  the 
studies  of  Sonenberg  ct  al.  (o),  using  ACTH  labeled  with  I'^',  woidd  appear 
to  offer  some  explanation  for  this  phenomenon.  By  means  of  adrenal  radio¬ 
autographs,  these  investigations  showed  that  AC'TII  was  taken  up  by  the 
adrenal  and  then  released  slowly,  in  a  logarithmic  time  secpienee.  From 
these  results,  it  may  be  jmstulated  that  AC'TII  is  “trapped”  in  the  adrenal 
gland  and  continues  to  stimulate  the  depletion  of  ascorbic  aeid:  the  dura¬ 
tion  of  this  response  may  depend  upon  the  logarithmic  decline  of  AC'TII 
in  the  adrenal  gland.  In  view  of  the  extremely  short  half  life  of  .VC'Tll  in 
the  blood  ((>),  a  persistent  activation  at  the  site  of  the  adrenal  is  implied  by 
the  continuation  of  adrenal  activity  long  after  the  .VC'Tll  has  presumably 
disappeared  from  the  circulation. 

The  adrenal  ascorbic  aeid  changes  occur  at  a  uniform  rate  when  these 
changes  are  plotted  against  the  logarithm  of  time,  .\lthough  the  signifi- 
eanee  of  this  linear  log  time  factor  is  not  completely  understood,  its  oeeur- 
renee  in  nature  is  rare.  Stacy  (7),  in  a  study  of  tissue  elasticity,  reasoned 
that  the  logarithm  of  time  relationship  could  best  be  interpreted  to  indicate 
the  existence  of  two  interdependent  exponential  reactions.  This  analysis 
may  be  utilized  in  the  present  study  since  it  is  well  known  that  in  the  rat 
adrenal  both  ascorbic  aeid  depletion  as  well  as  accumulation  can  occur.  The 
ascorbic  acid  concentration  in  the  rat  adrenal  will  therefore  be  the  net 
algebraic  sum  of  these  two  exponential  reactions  which  are  going  on  simul¬ 
taneously.  I'A’idence  to  support  this  hypothesis  will  be  found  in  Figure  4 
which  demonstrates  the  pattern  obtained  when  the  logarithm  of  the  ascor¬ 
bic  acid  remaining  in  the  adrenal  is  plotted  agianst  time  after  unilateral 
adrenalectomy.  The  straight  line  relationship  which  occurs  in  the  first 
lo  minutes  indicates  that  ascorbic  acid  depletion  is  occurring  predomi¬ 
nantly  or  exclusively  during  this  time,  whereas  the  linear  function  which  is 
obtained  during  the  last  15  hours  of  this  study,  indicates  that  reaccumula¬ 
tion  of  ascorbic  acid  in  the  adrenal  is  proceeding  virtually  unopposed.  Dur- 
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ing  the  interval  between  15  minutes  and  15  hours,  both  processes  are  prob¬ 
ably  going  on  simultaneously.  When  the  relative  rates  of  adrenal  ascorbic 
acid  decrease  and  recovery  are  calculated,  it  is  found  that  the  rate  of  ascor¬ 
bic  acid  loss  from  the  adrenal  of  the  rat  is  approximately  120  times  more 
rapid  than  the  rate  of  recovery. 

In  the  original  Sayers  et  al.  ACTH  assay  technique  (8),  the  period  of  one 
hour  after  application  of  a  stress  or  the  injection  of  ACTH  had  been  se¬ 
lected  as  the  time  at  which  an  estimate  could  be  made  of  the  quantity  of 
ACTH  responsible  for  adrenal  ascorbic  acid  depletion.  These  investigations 


Fig.  4.  Pattern  of  adrenal  ascorbic  acid  changes  obtained  when  the  logarithm  of 
ascorbic  acid  remaining  in  adrenal  is  plotted  against  time  after  unilateral  adrenalec¬ 
tomy.  Insert  is  a  magnified  view  of  the  changes  occurring  in  the  first  15  minutes. 


demonstrated  a  linear  do.se-response  correlation  for  doses  of  ACTH  up  to 
5  Mg-  This  is  in  agreement  with  the  re.sults  reported  herein,  for  Table  4  and 
Figure  3  demonstrate  that  5  mS-  ACTH  produces  a  maximal  effect  at  the 
end  of  one  hour  and  that  greater  quantities  of  ACTH  cannot  be  distin¬ 
guished  within  this  one  hour  interval.  However,  doses  of  ACTH  greater 
than  5  Mg,  or  severe  stresses  such  as  unilateral  adrenalectomy,  require 
longer  time  intervals  to  attain  maximal  adrenal  ascorbic  acid  depletion, 
and  if  one  continues  to  follow  the  adrenal  ascorbic  acid  response  for  a 
longer  period  of  time,  changes  in  the  higher  dose  range  become  manifest. 
Significant  further  depletion  of  adrenal  ascorbic  acid  can  be  detected  when 
the  adrenal  glands  are  analyzed  two  hours  (rather  than  at  the  customary 
one  hour  interval)  after  either  unilateral  adrenalectomy  or  a  20  Mg  intra¬ 
venous  injection  of  ACTH.  The  range  of  the  dose-response  curve  for  ad- 
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renal  ascorbic  acid  depletion  may  therefore  be  extended  appreciably  by 
using  a  two  hour  interval  between  ACTH  injection  and  removal  of  the 
second  adrenal  gland. 

Adrenal  hypertroph}’  following  unilateral  adrenalectonij'  has  been  re¬ 
ported  by  Weisz  (9).  He  observed  this  effect  at  24  and  48  hours  after  re¬ 
moval  of  one  adrenal,  whereas  in  the  present  investigation,  adrenal  enlarge¬ 
ment  is  evident  4  hours  after  stress.  Ingle  (10)  has  also  reported  adrenal 
weight  increa.ses  12  hours  after  subjecting  rats  to  a  continuous  work  test. 
\  comparable  adrenal  enlargement  could  be  produced  in  hypophysecto- 
mized  rats  by  the  subcutaneous  administration  of  large  amounts  of  ACTH 
throughout  an  8  hour  period.  In  the  present  study,  hypophysectomized 
rats  failed  to  show  an  increased  adrenal  weight  following  large  single  doses 
of  intravenously  administered  AX'TH.  Adrenal  enlargement  is  probably 
the  result  of  a  continuous  stimulation  of  the  adrenal  by  high  blood  levels 
of  ACTH  brought  about  either  by  prolonged  secretion  of  ACTH  from  the 
pituitary  of  intact  animals  or  by  continued  absorption  of  subcutaneous 
ACTH  in  hypophysectomized  rats. 

In  conclusion,  we  must  reemphasize  the  limitations  of  the  adrenal  ascor¬ 
bic  acid  depletion  index  as  a  criterion  of  pituitary-adrenocortical  secretion 
(11)  in  the  intact  animal.  Caution  should  always  be  used  in  the  interpreta¬ 
tion  of  results  obtained  in  intact  animals  exposed  to  a  procedure  which  is 
known  to  result  in  ACTH  relea.se  .since  no  quantitative  information  may  be 
deduced  from  this  index  with  regard  to  either  the  amount  or  the  duration 
of  hormone  secretion. 
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THYROXINE  ANALOGUES  AND  ('HOLESTEROL  METAB¬ 
OLISM:  THE  RELATIVE  EFFECTS  OF  VARIOUS 
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OXYGEN  (M)NSUMPTION  AND  TISSUE 
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ABSTRACT 

A  numbor  of  thyroxiiu'  aiuiloffiu's  have  been  tested  for  tlieir  relative  eflfeets 
on  tissue  cholesterol  eoneentrations,  oxygen  eonsumption,  and  grow  th  in  the 
hyi>ereholesteroleinie  rat.  Of  the  compounds  studii'd,  diiodothyroacetic  (Diac) 
and  diiodothyroformic  acid  (T>  F.V)  appcair  to  have  the  greatest  effect  in  reduc¬ 
ing  tissue  cholest(“rol  concentrations  w  ithout  affecting  grow  th  or  l)asal  metab¬ 
olism.  Other  derivative's  such  as  tri-  and  tetraiodothyroacetie'  acids,  triiodo- 
thyrojjropionic  acid  ;ind  tetraiodothyroformic  ai'id  have  bei'ii  show  n  by  others 
to  exert  .some  ))referential  ('ffect  on  tissue'  choleste're)!  e'eme'e'iitratieens.  Heeweve'r, 
w  he'ii  cemipare'el  een  an  e'eiual  meelar  basis  in  the*  pre'se'iit  study,  these  ceempounds 
we're'  ne»t  lu'arly  as  e'ffe'ctive'  as  Diae-  and  I'j  F.\  in  lowe'iing  e'hole'ste'reel  h'vels. 

SIXCIO  elevated  plasma  eholesterol  eoneentrations  are  frecpiently  ob¬ 
served  in  persons  predispo.sed  towards  at heroselerosis,  it  is  important 
to  eonsider  any  eompound  wliieh  will  lower  ti.ssue  eoneentrations  of  eholes¬ 
terol.  Thyroid  extraet  or  thyroxine  administration  will  lower  plasma  choles¬ 
terol  eoneentrations  in  hypothyroid  atid  euthyroid  subjects  (1-3),  but 
such  substances  probably  cannot  be  considered  as  potential  therapeutic 
agents  in  atherosclerosis  because  of  their  general  metabolic  effects.  There¬ 
fore,  this  study  has  been  directed  toward  finding  a  thyroxine  analogue(s) 
which  will  lower  tissue  cholesterol  concentrations  without  influencing 
l)asal  metabolism,  growth  or  endogenous  thyroid  function. 

Several  thyroxine  derivatives  have  been  proposed  as  compounds  ful¬ 
filling  these  refpiirements.  For  example,  tri-  and  tetraiodothyroacetic  acid 
administration  produced  a  reduction  in  plasma  cholesterol  levels  in  myx¬ 
edematous  subjects  and  in  euthyroid  persons  with  hypercholesterolemia 
(4-S).  However,  the  effect  could  not  i)e  maintained  and  the  cholesterol 
concentrations  returned  to  pretreatment  levels.  Duncan  and  Best  (9) 
found  that  when  administered  in  amounts  having  equal  goiter  prevention 
activity,  tetraiodothyroformic  acid  was  more  effective  than  thjroxine  in 
lowering  plasma  and  liver  cholesterol  concentrations  in  thiouracil  fed  rats. 
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Schaefer  and  Alder.sl)er}5  (10)  and  Saelis  and  Arons  (11)  have  observed  a 
significant  decrease  in  the  serum  cholesterol  values  of  human  subjects  re¬ 
ceiving  daily  oral  doses  of  1  to  8  mg.  of  triiodothyropropionic  acid.  The 
latter  authors  also  found  that  triiodothyropropionic  acid  produces  an  in¬ 
crease  in  the  serum  protein  bound  iodine  concentration  and  basal  metabo¬ 
lism  of  hypothyroid  persons  and  an  elevation  of  the  serum  protein  bound 
iodine  concentration  in  euthyroid  subjects.  The  implications  of  the  protein 
bound  iodine  data  are  not  readily  apparent. 

Since  a  systematic  comparison  of  the  relati\e  potencies  of  a  number  of 
thyroxine  derivatives  on  tissue  cholesterol  concentrations  has  apparently 
never  been  made,  we  have  performed  such  an  experiment  (12).  Our  initial 
objective  has  been  to  determine  which  analogues  show  the  greatest  prefer¬ 
ential  effect  on  cholesterol  metabolism  without  affecting  other  biological 
parameters  such  as  growth  and  basal  metabolism. 

METHODS 

Weanling  male  .Vlhino  rats  (Holtzinan)  were  housed  by  pairs  in  wire  inesh-hottoined 
cages  in  an  air  eoinlitioned  animal  room  maintained  at  api)roximately  25°  C.  They  were 
fed  either  a  Purina  chow  or  purified  high  fat-high  cholesterol  diet  containing  cholic 
acid,  ad  libitum.  The  latter  type  of  ration  has  Ix'en  shown  to  ])roduce  hypercholesterol¬ 
emia  in  the  rat  (13)  and  has  the  composition  shown  in  Table  1. 

The  thyroxine  analogues  studied*  were  prejjared  for  injection  by  dissolving  them  in 
0.1  X  XaOH,  and  adjusting  the  final  pH  to  8  to  9.  Physiological  saline  solution  adjusted 
to  the  same  pH  was  used  in  the  control  chow  and  high  fat  diet  groups.  lntra|)eritoneal 
injections  of  0.2-0. 5  ml.  of  these  solutions  were  made  every  other  day  at  a  concentra¬ 
tion  of  0.5  micromoles  per  100  gm.  body  weight  per  day. 

.Vt  the  termination  of  the  injection  period,  the  rate  of  oxygen  consumption  was  deter- 
miiu'd  for  each  animal  in  a  closed-system  calorimeter  maintained  at  26°  C.*  These  meas- 
urenumts  were  .always  made  between  9  .\.m.  and  2  i»..m.  The  animals  were  allowed  to 
equilibrate  in  this  system  for  six  minutes,  after  which  three-minute  determinations  of 
th('  oxygen  consumption  rate*  were  repeated  until  successive  triplicate  values  were  ob¬ 
tained.  Oxygen  consumi)tion  was  expressed  as  liters  of  O2  consumed  per  hour  per  of 
body  surface  area. 

.Vfter  completif)!!  of  the  oxygen  consumption  measun'inents,  the  animals  w(‘re  anes¬ 
thetized  with  ether,  and  ht'parinized  blood  samples  were  obtained  by  cardiotomy  for 
l)lasma  cholesterol  determinations.  The  livers  were  nmioved  in  toto  and  weighed,  .ap¬ 
proximately  0.5  gm.  .sanijih's  weiglnxl  to  an  accuracy  of  +5  mg.  wen*  froz('n  and  ground 
in  1-2  ml.  of  Bloor’s  reagent  (three  ])arts  absolute  ethyl  alcohol,  one  i)art  absolute  di¬ 
ethyl  ether),  and  the  final  volume  made  up  to  30  ml.  with  Bloor’s  reagent.  The  animal 
carcasses  were  further  necropsied  for  gross  abnormalities. 


'  The  authors  are  very  grateful  to  Drs.  Robert  L.  Kroc  and  \.  Wayne  Ruddy  of  the 
Warner-Lambert  Research  Institute  for  supplying  generous  amounts  of  3,5,3'-triiodo- 
tliyropropionic  acid,  3,5,3',5'-tetraiodothyropropionic  acid,  3,5-diiodothyropropionic 
acid  and  3,.5-diiodo-4-(4'-hydroxy-3'5'-diiodopheno.xy)  benzoic  acid;  and  to  Drs.  Dor- 
.sey  Holtkamp  and  .\.  E.  Hemming  of  the  Smith,  Kline  &  French  Laboratories  for  equally 
generous  amounts  cf  n-3,5,3'-triiodothyronine,  3,5,3'-triiodothjToethylamine  and  3,5- 
diiodo-4-(4'-hydoxy-3',5'-diiodophenoxy)  benzoic  acid. 

*  The  authors  are  indebted  to  Dr.  Richard  Doisy  for  the  use  of  this  instrument. 
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Table  1.  PERt  ENXAr.E  co.mpositiox  ok  the  pirified  high  fat-high  cholesterol  diet 


Gm.  % 

C’asein 

16.0 

( iluco,«e 

.50.0 

Lurd 

20.0 

Salts' 

3.0 

(diolesterol 

1 .0 

Cholic  acid 

0..5 

\’it.  .\  Concentrate^ 

0.3 

Vit.  1)  ('oncentrate’ 

0.3 

.\ll)ha  tocopherol.s 

0.03 

Water  soluble  vitamins  | 

Mr.  % 

Thiamin  j 

0.37.5 

Riboflavin  • 

0.470 

Pyridoxine  i 

0.37.5 

Nicotinic  acid  ] 

i  1.87.5 

Pantothenic  acid  j 

1  1.87.5 

Choline  chloride  1 

1  187.5(M) 

Eolic  acid 

1  0.37.5 

Vit.  R,2 

0.01.5 

Biotin 

0.004 

Inositol 

03 . 70.5 

*  Phillips  &  Hart  Salt  Mixture. 

2  200, (KM)  i.r.  Vit.  A/gm. 

3  20,000  i.f.  Vit.  D  'gm. 


Plasma  cholpsterol  concontrations  wore  detenniripil  on  O.o-l.O  ml.  of  jilasina,  using 
tlip  Sperry- \V(‘t)l)  modification  of  the  Schoenheimer  Sjierry  method  (14).  Liver  choles¬ 
terol  concentrations  were  determined  by  the  same  method  on  3  ml.  of  the  Hloor  e.xtract, 
and  liver  lipids  wore  expressed  as  total  solids  (mg.  %)  in  the  Bloor  extract. 

RESULTS 

III  the  first  experiment,  88  animals  were  (listributed  into  eleven  groups 
of  8  rats  each.  The  average  mean  weight  for  each  group  was  the  same. 
CJroup  1  received  the  Purina  chow  diet,  and  the  other  ten  groups  were  fed 
the  high  fat  diet  (HFD).  At  the  end  of  two  weeks,  plasma  cholesterol 
concentrations  were  measured  in  tail  vein  samples  obtained  from  four 
animals  each  in  (Iroiips  1  and  2.  These  values  averaged  436  and  oo  mg.  % 
respectively  for  the  HFD  and  chow  diet  groups.  Following  this  successful 
production  of  hypercholesterolemia  in  animals  receiving  the  high  fat  diet, 
injections  of  the  thyroxine  derivatives  listed  in  Table  2  were  started  in 
(iroups  3-11.  After  a  two-week  injection  period,  individual  oxygen  con¬ 
sumption  rates  were  measured,  and  plasma  and  liver  samples  were  col¬ 
lected  for  cholesterol  and  total  lipid  determinations.  These  data  are  sum¬ 
marized  in  Table  2. 

Since  the  object  of  this  study  was  to  determine  which  analogues  diminish 
tissue  cholesterol  concentration  without  affecting  oxygen  consumption  and 
growth,  thyroxine  (T4),  triiodothyronine  (T.3),  and  triiodothyroacetic  acid 
(Triac)  can  be  eliminated  as  compounds  of  immediate  interest  (Table  2). 
These  compounds  produced  a  significant  growth  depression  and  increase  in 
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the  rate  of  oxygen  consumption  when  compared  to  the  values  obtained  with 
animals  receiving  the  control  chow  and  high  fat  diets.  Tetraiodothyroacetic 
acid  (Tetrac)  and  Triiodothyropropionic  acid  (T3  PA)  also  produced  a 
slight  elevation  in  oxygen  consumption  and  reduction  in  growth  rates  al¬ 
though  these  values  were  not  different  statistically  from  those  obtained 
with  control  animals  (Table  2).  Therefore  the  differences  may  be  due  to 
random  variation.  All  of  the  remaining  derivatives  employed  in  experi¬ 
ment  1  (Table  2)  were  quite  effective  in  reducing  plasma  cholesterol  levels 


Table  2.  Metabolic  ekfect.s  of  various  thyroxine  derivatives  administered  for 
TWO  WEEKS  AT  A  DOSAGE  OF  0.5  MICROMOLE  PER  100  GM.  BODY  WEIGHT  PER  DAY 


Ave.  Os 
con- 

sump,  t 

Plasma 

.\ve.  liver 

Ave.  liver 

Hvgiiiien 

Ave.  w’t. 
gaint 

chol. 

ooncen. 

chol. 

concen. 

lipid 

concen. 

(ni(!.  %) 

(gm.  % ) 

igiii.  %) 

Purina  Chow 

KK) 

100 

77 

0.30 

9 . 10 

HKD  (16%  casein) 

73 

100 

438 

6.35 

27.40 

HKD  +Thyronim* 

80 

79 

243* 

6.15 

26.73 

iiFD-j-3.5  Diiodothyronine  (Tt) 

HKD 4-3, 5, 3'  Triiodothyronine  (T*)t 

H  KD -j-3,5,3',5'  Tetraiodothyronine  (T4) 

50 

92 

190* 

5.89 

25.94 

L'4* 

155* 

251* 

5.69 

23.06 

49* 

137* 

221* 

5.92 

23,44 

I!FD-i-3,5  Diuxiothyroacetio  acid  (Diac) 

IIFD -i-3,5,3'  Triiodothyroacetic  acid  (Triac) 

81 

95 

226* 

4.80* 

21,88* 

3<.»» 

153* 

187* 

4.82* 

19.71* 

HKD -j-3,5,.3',5'  Tetraiodothyroacetic  acid  (Tetrac)  J 

63 

114 

202* 

5.74 

24.37 

HFD +3,5,3'  Triiodothyropropionic  acid  (Ts-PA) 

61 

114 

192* 

5.93 

22.44 

H  FD +3,5,3',5'  Tetraiodothyropropionic  acid  (T4-PA)§ 

100 

101 

1  251* 

5.35 

23.96 

*  Slati.stioally  significant  difference  from  ilTI)  value  (p<.01). 

t  Kxpress(*d  as  of  chow  diet  values  (70.0  gin.  wt.  gain  2  weeks  and  6.0  liters  of  O2  consumed,  NP  Hr.). 

X  The  concentration  of  T3  injected  was  reduced  to  ().l  micromole  <  100  gin.  body  wt.  day  at  the  end  of  the  first 
week  of  injection,  because  of  the  death  of  two  animals  from  Tj  toxicity. 

§  Since  these  experiments  were  performed.  Stasilli  et  al,  (19)  have  shown  that  Tetrac  and  T4-PA  undergo  decom¬ 
position  in  alkaline  solution.  Therefore,  the  actual  amount  of  active  compound  injected  is  unknown. 


although  diiodothyroacetic  acid  (Diac)  was  the  only  one  that  also  signifi¬ 
cantly  reduced  liver  cholesterol  and  lipid  concentrations.  There  may  have 
been  some  loss  of  Tetrac  and  T4  PA  activity  since  these  substances  were 
dissolved  in  dilute  alkali  (19).  All  of  the  other  derivatives  probably  re¬ 
mained  stable  during  the  two-week  period  of  injection. 

In  the  second  experiment,  other  available  thyroid  analogues  were  as¬ 
sayed  under  the  same  experimental  conditions  except  that  the  protein  level 
in  the  diet  was  elevated  from  1()%  to  19%  casein  at  the  expense  of  the 
carbohydrate.  Although  a  suboptimal  dietary  intake  of  protein  may  pro¬ 
duce  a  more  severe  condition  of  hypercholesterolemia  (15),  it  was  decided 
to  eliminate  as  many  variables  as  possible  and  to  make  the  diet  more  nutri¬ 
tionally  balanced  by  elevating  the  protein  level.  The  data  obtained  in  this 
experiment  are  summarized  in  Table  3.  The  derivative  triiodothyroethyla- 
mine  (T3  ethylamine)  can  be  eliminated  from  further  consideration  since  it 
produced  an  elevation  in  oxygen  consumption  and  a  reduction  in  growth. 
Triiodothyroformic  acid  (T3  FA)  and  tetraiodothyroformic  acid  (T4  FA) 
may  also  be  eliminated  since  they  failed  to  produce  any  significant  effect 
on  tissue  cholesterol  and  lipid  concentrations.  Diiodothyroformic  acid 
(T2  FA)  showed  a  preferential  effect  on  tissue  cholesterol  values  without 
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Table  3.  Metabolic  effects  of  variocs  thyroxine  herivatives  administered  for 
TWO  WEEKS  AT  A  DOSAC.E  OF  0.5  MICROMOLE  I’ER  100  C.M.  BODY  WEICHT  PER  DAY 


Aw.  wt. 
(laint 

Ave.  O3 
con- 
siiinp.t 

Aw. 
plasma 
clinl. 
I'oncen. 
(ir.jj.  S  ) 

Ave.  liver 
chol. 
concen. 
(gin.%) 

I 

.\ve.  liver 
lipid 
concen. 

1  (cm.  %  ) 

C'how 

UN) 

UK) 

66 

0.24 

10.80 

HP  D  (19%  casein) 

6.04 

21.24 

M  F!)  4'*'1.5,3'5' Tetraifxiothvronine  n'4)  1 

78*  ! 

i:w* 

•210* 

5.65 

16.04* 

M  FI) -♦-3.5,3'  Triiodothyrot'thylainine  (Ta  ethylaiiiiiie) 

1 

74* 

140*  ' 

26,5 

5. 54* 

10.41 

HFI)-|-3.5  Diicnlothvrofnrinic  acid  (Tj-FA) 

1 

1114 

11.5  ' 

204* 

4.86* 

21  AH) 

II FI) -j-3.5,3'  Triiodothvrofonuie  acid  (T»-FA) 

110 

92 

2.57 

5 . 50 

21.40 

II  FI) -F3,5.3'5'  Tetraiodothyroforiilic  acid  (T4-F.\) 

106 

111 

2.56 

5.00 

25.66 

HFI)-|-3,5  Diiodothyrupropionic  acid  (Ts-I*A) 

08  1 

06 

2.12 

I  5,14* 

20. 9d 

*  .StatiKtically  sianiticaiit  difference  from  11  I'D  value  <p  <.(ll) 

t  Expressed  as  '  i  of  chow  diet  values  (6(1.8  (jin.  wt.  pain  "J  weeks  and  6.8  liters  of  O-  c<insuiiied  M*  Mr.). 

.significantly  altering  the  growth  rate  and  oxygen  consumption  of  tliQ.se 
animals,  and  diiodothyropropionic  acid  (T2  PA)  may  also  de.serve  further 
consideration  because  of  its  effect  on  liver  cholesterol  concentrations. 

DISCUSSION' 

“Xormal”  plasma  and  liver  cholesterol  concentrations  in  the  rat  average 
■)0-S0  mg.  %,  and  0.200-0.400  gm.  %  respectively  (9,  Ki).  When  the  hyper- 
cholesterolemic  diet  containing  cholic  acid  was  fed,  plasma  and  liver  cho¬ 
lesterol  concentrations  were  elevated  from  the  control  chow  diet  values  of 
77  mg.  %  and  0.300  gm.  %  to  438  mg.  %  and  0.350  gm.  %,  respectively. 
Although  cholesterol  feeding  alone  will  produce  some  elevation  in  plasma 
and  liver  cholesterol  concentrations,  cholic  acid  was  probably  responsible 
for  the  large  increa.ses  observed.  It  is  believed  that  cholic  acid  markedly 
reduces  the  mobilization  of  liver  and  serum  cholesterol,  while  showing 
little  effect  on  cholesterol  absorption  (17,  18).  A  low  protein  diet  will  also 
elevate  serum  cholesterol  concentration  (15)  and  the  10%  casein  diet  em¬ 
ployed  in  the  first  experiment  produced  plasma  cholesterol  values  of  438 
mg.  %  as  compared  with  252  mg.  %  obtained  with  the  19%  casein  diet  in 
the  .second  experiment.  However,  both  diets  gave  essentially  the  same  liver 
cholesterol  levels.  These  observations  coincide  with  tho.se  presented  by 
Moyer  et  al.  (15). 

Daily  doses  of  1-6  mg.  of  Triac  and  Tetrac  have  been  reported  as  produc¬ 
ing  a  temporary  reduction  in  plasma  chole.sterol  values  in  human  .subjects 
with  myxedema  or  hypercholesterolemia  (8-12).  Under  our  experimental 
conditions,  Triac  was  active  in  suppressing  plasma  and  liver  cholesterol 
levels  (Table  2),  but  both  Triac  and  Tetrac  also  produced  some  effect  on 
oxygen  consumption  and  growth.  If  larger  amounts  of  the.se  materials  are 
required  to  control  tissue  cholesterol  concentrations  clinically,  their  u.seful- 
ne.ss  might  be  questioned  because  of  their  effect  on  basal  metabolism  (Table 
2  and  reference  19). 

Triiodothyropropionic  acid  (T3  PA)  has  also  been  .suggested  as  a  thyroid 
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derivative  for  use  in  eontrolling  eliolesterol  metal)olism  (10),  hut  its  calori- 
genie  activity  may  also  interfere  witli  its  usefulness  (11,  10).  In  our  experi¬ 
ments  (Table  2),  Ts  PA  produced  a  significant  reduction  in  plasma  choles¬ 
terol  hut  was  without  effect  on  liver  cholesterol  and  lipid  concentrations. 
There  was  also  a  statistically  insignificant  increase  in  oxygen  consumption. 

Duncan  and  Best  (0)  found  that  T4  FA  was  more  effective  than  thyroxine 
in  lowering  tissue  cholesterol  levels  when  both  substances  were  admin¬ 
istered  in  comparable  goiter  preventing  doses.  Subcutaneous  injections  of 
T4  FA  at  a  concentration  of  5.44  micromoles  per  100  gm.  body  weight  per 
day  reduced  serum  and  liver  cholesterol  concentrations  from  155  mg.  % 
and  1.12G  gm.  %  to  100  mg.  %  and  0.208  gm.  %,  respectively  on  a  goitro¬ 
genic  diet  containing  thiouracil,  cholesterol,  and  cholic  acid.  (4n  our  experi¬ 
mental  diet  devoid  of  thiouracil,  T4  FA  at  a  concentration  of  0.5  micro¬ 
mole  per  100  gm.  body  weight  per  day  was  without  effect  on  plasma  and 
liver  cholesterol  concentrations,  whereas  a  compound  such  as  diac  pro¬ 
duced  a  marked  reduction  in  these  values. 

Therefore,  of  the  thyroxine  derivatives  tested  under  the  present  experi¬ 
mental  conditions,  Diac  and  T2  FA  show  the  greatest  preferential  effect  on 
plasma  and  liver  cholesterol  concentrations  without  significantly  influenc¬ 
ing  oxygen  consumption  and  growth.  The  other  diiodo-derivatives  T2  and 
T2  PA  were  considerably  less  elfective  in  lowering  cholesterol  concentra¬ 
tions.  It  is  possible  that  the  inore  calorigenically  active  substances  such  as 
triiodothyronine  and  thyroxine  might  have  produced  the  same  degree  of 
reduction  in  plasma  and  liver  cholesterol  concentrations  at  a  markedly 
lower  do.se.  Therefore,  in  order  to  determine  whether  a  true  preferential 
effect  on  tissue  cholesterol  levels  is  attributable  to  Diac,  it  is  planned  to 
compare  the  calorigenic,  growth,  and  cholesterol  concentration  responses 
of  Diac  and  thyroxine  at  different  dose  levels.  It  should  also  be  noted  that 
none  of  the  thyroxine  derivatives  lowered  the  plasma  and  liver  cholesterol 
concentrations  to  normal  levels.  The  reasons  for  this  may  have  been  that 
the  dosage  was  suboptimal  or  that  the  period  of  administration  was  of 
insufficient  duration.  There  is  also  the  distinct  possibility  that  “normal” 
tissue  cholesterol  levels  cannot  be  obtained  with  larger  amounts  of  the 
derivatives  because  of  the  experimental  conditions  employed  to  produce 
hypercholesterolemia. 

Although  the  oxygen  consumption  rates  obtained  in  these  experiments 
are  based  on  a  single  dosage  lev^el,  they  are  in  substantial  agreement  with 
those  obtained  by  Stasilli  et  al.  (19)  from  dose  response  curv'es.  These  in¬ 
vestigators  found  that  1)  Triac  was  more  potent  than  Tetrac,  whereas  Diac 
had  less  than  5%  of  L-T4  activity,  2)  T3  PA  was  more  active  than  T4  PA, 
and  T2  PA  had  less  than  8%  of  L-T4  activity,  8)  the  propionic  acid  deriva¬ 
tives  as  a  group  were  less  active  than  the  acetic  acid  derivatives,  and  4) 
the  formic  acid  analogues  were  less  than  8%  as  active  as  L-T4.  Only  in  the 
latter  case  do  our  data  differ  slightly  from  those  of  Stasilli  et  al.  In  our  ex- 
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periments,  T2  FA  and  T4  FA  produced  oxygen  consumption  rates  of  115 
and  111%  of  control  values  respectively  (Table  3),  although  neither  in¬ 
crease  was  statistically  significant  from  the  control  group  values. 

From  the  data  obtained,  it  would  appear  that  the  maximum  molecular 
requirements  for  controlling  tissue  cholesterol  concentrations  without 
significant  calorigenic  stimulation  include  a  diphenjd  ether  structure  con¬ 
taining  iodines  in  positions  3  and  5,  a  carboxylic  acid  side  chain  no  longer 
than  1  or  2  carbons  and  a  phenolic  group  in  the  para  position  of  ring  B.  It 
is  possible  that  the  iodines  may  be  unnecessarj’  since  thyronine  appears  to 
have  some  effect  in  reducing  plasma  cholesterol  values. 
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RESERPINE  AND  THE  CHRONIC  STRESS  OF  REDUCED 
BAROMETRIC  PRESSURE  IN  FEMALE  RATS.  OBSIMIVA- 
TIONS  ON  BODY  WEIGHT,  ADRENAL  WEIGHT  AND 
HISTOLOGY  AND  HEMATOCRIT  VALUES' 
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ABSTRACT 

Spraguo-Dawley  rats  were  given  roserpine  in  two  dose  patterns  at  ground 
level  and  at  several  patterns  of  low  barometric  pressure  exposure.  The  latter  was 
at  18,000  and  27,000  feet  altitude  equivalent  levels.  Observations  were  made  on 
body  weight,  adrenal  weight,  histology  and  hematocrit  levels. 

Rats  receiving  reserpine  lost  weight,  both  at  ground  level  and  at  altitude. 

Rats  at  ground  level  given  an  initial  heavy  dose  of  reserpine  lost  much  weight 
but  regained  weight  subsequently  even  though  they  were  injected  daily  with 
small  doses.  Rats  on  small  doses  throughout  lost  weight  at  altitude,  but  placebo- 
injected  and  reserpine-injected  rats  lost  weight  as  well. 

Adrenal  glands  decreased  slightly  in  absolute  weight  in  placebo  treated  ani¬ 
mals  at  altitude.  Rats  receiving  an  initial  heavy  dose  of  reserpine  showed  an 
increase  in  absolute  adrenal  weight,  and  an  increase  relative  to  bod\’  weight. 

The  small  dose  of  reserpine  yielded  a  decrease  in  absolute  weight  but  a  smaller 
loss  of  weight  relative  to  the  terminal  body  weight.  There  was  loss  of  fat  in  the 
adrenal  gland  with  reserpine,  especially  at  altitude,  and  vascular  engorgement 
was  seen  at  the  higher  altitudes  when  reserpine  was  given.  Hematocrit  levels 
increased  in  all  animals  at  altitude,  but  more  so  in  rats  receiving  reserpine. 

Re.serpine,  in  the  dosage  and  patterns  administered,  did  not  prevent  or 
reduce  acclimatization  changes  as  judged  by  loss  of  body  weight,  change  in 
adrenal  size,  adrenal  histology  or  blood  hematocrit  levels.  On  the  contrary,  the 
drug  served  as  an  added  stress  upon  the  organism  in  these  respects. 

There  has  been  much  interest  recently  in  the  effect  of  tramiuillizing 
drugs  on  the  response  of  the  body  to  .stress  (1).  The  stresses  that  are 
applied  are  usually  acute  in  character,  such  as  cold,  anesthesia,  drugs  (2). 
Little  work  has  been  done  on  the  effect  of  tranquillizing  drugs  under  stress¬ 
ful  conditions  of  long  duration,  such  as  may  be  achieved  by  putting  an 
animal  under  reduced  barometric  pressure  for  a  period  of  one  to  two  weeks. 
.Vcclimatization  involves  an  acute  phase  of  a  homeostatic  nature  and 
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adaptive  changes  of  an  endocrine  and  metabolic  nature  sulisequently. 
Acclimatization  as  a  stress  was  imposed  on  rats  in  the  present  study. 

Of  the  several  tranquillizing  agents  available,  reserpine’’  was  used  be¬ 
cause  of  its  demonstrated  effect  regarding  the  blocking  of  the  neurosecre¬ 
tory  effects  of  the  hypothalamus  on  the  hypophysis  with  respect  to  ACTII 
(1,  3)  and  to  gonadotrophic  hormone  (4).  Female  rats  were  employed, 
because  female  rats  have  been  found  to  withstand  better  than  males  the 
effects  of  reduced  barometric  pressure  (o). 

METHODS  AND  MATERIALS 

()iu‘  huiidrod  and  sixtocn  all)iiu)  Spranue-Dawlcy  rats  in  koikI  licaltii  won*  usod.  At  tlio 
outset  tlu*y  wore  i)otweon  ISO  and  195  Rin.,  and  so  wore  mature.  They  were  lioused 
under  eoni|)aral>le  eonditions  of  lif^htinn.  temperatun*  and  ventilation,  two  to  a  eage. 
During  the  eontrol  i)eriod,  tlie  cages  were  kejjt  in  two  low  jjressure  chambers  at  l)aro- 
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Fig.  1.  Comparison  of  weights  of  rats  at  ground  level  (curve  I),  at  27,000  feet  (curve 
III)  and  in  two  stejis,  18,000  feet  and  then  to  27,000  (curve  II).  Note  that  rats  at 
ground  h*vel  gain  wi'ight.  rats  taken  to  18,000  feet  for  one  week  lose  10-12  grams  in 
weight  but  an*,  through  acclimatization,  jirotected  against  severe  weight  loss  when  taken 
to  27,000  fi*et.  d'he  further  weight  loss  is  a  little  over  20  gm.,  for  a  total  weight  loss  of  30 
gm.  In  contrast,  rats  taken  in  one  step  to  27.000  fei't  lose  weight  progressively  but  at  a 
decreasing  rati*  for  a  week.  The  net  weight  loss  is  50  gm.,  the  virtual  weight  lo.ss  about 
00  gm. 

’  Supidied  by  Ciba. 
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Fig.  2.  ('oniiiarison  of  woifrlits  of  rats  at  ground  lovel  given  saline  (eiirve  i,  ssss)  small 
daily  doses  of  re.serpine  (eurve  VI 1.  rrrr)  and  two  large  initial  daily  doses  followed  hv 
small  doses  of  reserpine  (eurve  IV.  KRrr).  Note  that  .saline-injected  rats  gain  weight, 
the  RRrr  rats  lose  weight  (30  gm.),  and  then  slowly  regain  weight  for  a  net  lo.ss  of  10 
gm.  while  those  on  tin*  daily  low  dose  of  reserpine  (rrrr)  eontinued  for  two  days  to 
gain  weight,  then  lost  progrc'ssively  a  total  of  o')  gm.  in  the  following  week. 


metric  pre.ssure.  ami)le  ventilation  heung  provided.  During  this  time  good  eating  and 
drinking  conditions  were  maintained,  .^t  the  end  of  the  control  period  certain  rats  were 
taken  for  various  determinations.  These  included  blood  hematocrit  level,  and  adrenal 
weights  and  histology.  Oidy  tho.se  rats  whose  gain  in  weight  was  consistent  with  the  aver¬ 
age  were  chosen  for  further  study.  The  .selection  of  nine  groups  was  on  a  random  basis. 
The  controls  were  as  follows: 

A.  Controls  (.saline  injected) 

I.  K(‘pt  at  ground  level  throughout  and  injected  daily  with  physiological  saline 
in  volume  e(pial  to  the  volume  in  the  dose  used  in  the  experimental  animals, 
(curve  I,  Figs.  1  and  2). 

II.  Kept  seven  days  at  an  altitude  ecpiivalent  to  18,000  feet  (^  atmosphere),  then 
rais(>d  to  27,000  feet,  or  altitude  equivalent  to  one-third  of  an  atmosphere  for 
one  week,  and  similarly  injected  with  saline  (curve  II,  Fig.  1). 

III.  Kej)t  one  day  at  18,000  feet,  then  seven  days  at  an  altitude  of  27,000  feet  and 
similarly  injected  with  physiological  saline  (curve  III,  Figs.  1  and  3). 

R.  Fxjnrimvntnl  (reserpine-injerted) 

IV.  K*>pt  at  ground  level,  given  two  successive  daily  doses  of  0.5  mg.  reserpine  i)er 
100  gm.  of  body  weight,  two  <lay.s  abeyance,  then  subsequent  daily  doses  of 
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Fig.  3.  C’omparisoii  of  weights  of  rats  at  27,000  fc'ot  given  saline  injectif)ns  daily  (curve 
III,  ssss)  and  a  low  daily  dose  of  roserpine  (curve  IX,  rrrr).  Note  that  the  lattc'r  lose 
less  weight  for  the  first  four  days  (35  gin.  as  comiiarcd  with  45  gin.),  although  the  saline- 
only  rats  fared  better  later  (  —  50  gni.  versus  —70  gni.). 

0.05  mg.  reserpine  per  100  gm.  of  body  weight  (RRrr,  curve  IV,  Fig.  2). 

V.  Same  as  group  IV,  but  adapted  at  18,000  feet  barometric  pressure  equivalent 
for  one  week  then  increased  to  27,000  feet  altitude  equivalent  for  eight  days 
(not  illustrated;  see  Tables  1,  2  and  3). 

VI.  Same  as  IV  and  V  but  taken  to  18,000  feet  for  one  daj-  and  then  kept  at  an 
altitude  equivalent  to  27,000  feet  for  one  week  (not  illustrated;  see  Tables  1,  2 
and  3). 

VH.  Kept  at  ground  level  for  thirteen  days  and  given  0.05  mg.  i*eserpine  per  100 
gm.  of  body  weight  daily  (rrrr,  curve  VII,  Fig.  2). 

Vni.  After  .seven  days  at  18,000  feet  barometric  pressure  equivalent,  then  received 
reserpine  as  group  VII  and  rai.sed  to  27,000  feet  altitude  equivalent  (a  pre¬ 
adapted  group)  (not  illustrated;  see  Tables  1,  2  and  3). 
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IX.  At  27,000  feet  barometric  pressure  equivalent  for  seven  days  received  0.05  niK. 
of  reserpine  in  100  gm.  body  weight  daily  (rrrr,  Curve  IX,  Fig.  3). 

Body  weights  were  recorded  daily  and  the  animals  supplied  with  food  and  water  ad 
libidum.  Purina  dog  chow  was  the  food.  Cages  were  cleaned  twice  weekly.  The  low  pres¬ 
sure  chambers  were  well  ventilated  and  lighted  at  all  times.  All  injections  were  given  sub¬ 
cutaneously. 

At  the  end  of  one  week  there  was  no  mortality  in  any  of  the  groups.  A  few  rats  were 
selected  at  random  from  each  group  for  sacrifice.  Those  at  altitude,  after  compression  to 
ground  level,  were  weighed,  then  killed  by  instant  beheading.  Blood  samples  were 
heparinized  for  hematocrit  determinations.  Adrenal  glands  were  dissected  out  as 
(piickly  as  possible,  weighed,  an<l  one  of  each  pair  preserved  in  bm  percent  neutral  formol 
in  physiological  saline  and  stained  with  hematoxylin  and  eosin.  The  other  gland  of  each 
pair  was  frozen-sectioned,  stained  with  Scharlach  stain. 

At  the  end  of  the  first  week,  rats  in  groups  11,  V  and  VI 11  were  subjected  to  more 
severe  hypoxia  by  lowering  the  barometric  pressure  to  an  altitude  e(iuivalent  to  27,()0() 
feet.  Croups  III  and  VI  were  no  longer  continued.  .\t  tin*  end  of  two  weeks,  all  remain¬ 
ing  animals  were  sacrificed  for  study. 


RESULTS 

The  results  are  .summarized  in  Tables  1,  2  and  li,  and  in  Figures  1,  2  and 
3.  The  placebo  (.s.s.ss)  was  physiological  saline  injected  in  a  volume  equal 
to  that  of  the  re.serpine  u.sed.  The  .symbols  RRrr  refer  to  two  initial  days 
of  heavy  re.serpine  administration  followed  by  two  days  of  no  injection 
after  which  a  small  daily  dose  of  reserpine  was  resumed.  The  symbols  rrrr 
refer  to  the  fact  that  the  small  do.se  of  reserpine  was  used  throughout.  The 
Roman  numerals  refer  to  the  groups  of  rats  described  under  materials  and 
methods,  above. 

liody  iveight  (See  Figs.  1,  2  and  3) 

Rats  at  ground  level  gained  weight  throughout  the  period  of  observa¬ 
tion.  .\t  18,000  feet,  they  lost  weight  for  one  day,  then  held  their  weight 
until  the  pres.sure  was  reduced  to  a  level  equivalent  to  that  at  27,000  feet, 
when  the}'  lost  more  weight.  Rats  taken  to  27,000  feet  after  one  day  at 
18,000  feet  lost  much  more  weight  than  the  previous  group. 

Re.serpine  given  to  rats  at  ground  level  had,  in  a  sense,  a  similar  effect 
to  altitude  according  to  the  pattern  of  administration.  Thus  a  large  initial 
dose  of  reserpine  with  two  days  of  respite  followed  by  smaller  doses  of 
reserpine  caused  no  further  loss  of  weight.  In  fact,  the  rats  regained  some 
of  the  lost  weight.  In  contrast,  rats  put  on  the  smaller  dose  of  re.serpine 
lost  weight  steadily  for  a  week.  Rats  given  the  smaller  dose  of  re.serpine 
while  at  27,000  feet  altitude  equivalent  lost  weight  at  the  same  rate,  but 
not  at  first  as  rapidly  as  rats  injected  with  a  placebo  alone.  Later,  these 
leserpine-treated  rats  continued  to  lose  weight  whenever  the  placebo- 
treated  rats  lost  less  weight.  It  appears  that  the  low  dose  of  reserpine  pro¬ 
tected  a  little  the  rats  against  the  impact  of  .severe  continued  stress  but 
only  for  a  limited  time. 
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Table  1.  Adrenal  weights  (mg.)  in  ggntrol  and  e.m'erimextal  rats 
(Parentheses,  adrenal  weights  per  100  gms.  hody  weight,  n,  number  of  animals) 


PI 

leeho 

HHrr 

rrrr 

11  =  13 

n  =  ll 

11  =  12 

( iroiiixl 

54.8 

50.0 

51  .3 

(lay.s 

(28.0) 

O'  =  5 . 4 

(31 .0) 

0=5.4 

(38.0) 

ff  =5.0 

11  =  4 

n  =(> 

11  =0 

18,000 

51  .2 

50 . 2 

1  week 

(20.1) 

(r=3.1 

(30.0) 

ff  =  .5 . 0 

11  =8 

11  =0 

II  =5 

27,000  ft. 

47.0 

51 . 1 

1  week 

1  (:{0.5) 

0=5.2 

(40.4) 

0=5.7 

11  =0 

11  =  12 

11  =  1 1 

2  weeks 

;  41.3 

57 . 2 

40.0 

(20.0) 

ff  =  1  . 8 

(.55.7) 

0=5.3 

(44.8) 

0=5.2 

Adrenal  weight  (see  Talile  1) 

Adrenal  weights  showed  no  gross  or  relative  hypertrophy  in  normal 
rats  under  moderate  or  severe  chronic  altitude  stress.  Hats  on  the  lower 
dose  of  reserpine  showed  no  gross  hypertrophy  but  did  exhibit  an  increase 
in  size  relative  to  the  decrease  in  body  weight  that  took  place.  This  was  an 
established  effect  at  ground  level,  but  increased  at  high  altitude.  With 
two  large  initial  doses  of  reserpine,  followed  by  smaller  daily  doses,  the 
gross  and  relative  hypertrophj’  were  even  more  marked,  except  at  ground 
level. 

Adrenal  histology  (see  Table  2) 

Adrenal  histology  showed  with  severe  altitude  stress  a  tendency  to 
decrea.sed  fat,  especially  in  the  fasciculata  and  a  tendency  toward  vascular 
engorgement.  With  reserpine,  these  effects  are  more  marked,  occurring  to 
a  degree  even  at  ground  level,  but  becoming  increasingly  marked  at  alti¬ 
tude.  Some  variation  exists  with  the  pattern  of  altitude  stress  and  reserpine 
dosage. 

Hematocrits 

Only  a  limited  number  of  hematocrit  determinations  were  performed. 
These  are  summarized  in  Table  3.  A  more  complete  study  of  the  red  blood 
cell  counts,  hemoglobin  contents,  reticulocyte  and  eosinophile  counts 
was  not  made,  as  in  the  study  by  Magill  and  Marbarger  (o).  Even  so,  some 
limited  information  is  gained  by  examination  of  Table  3. 

It  is  clear  that  the  hematocrit  level  at  27,000  feet  both  in  the  controls 
and  the  reserpine-treated  groups  at  ground  level  exceeds  that  at  18,000 
feet.  This  is  a  result  of  acclimatization  to  low  barometric  pressure.  Be- 
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Tablf:  2,  Comparative  lu.sToLoGirAL  features  of  control  and 
STRESSED  adrenal  (’.LANDS 


Controls  ssss  1 

RKrr 

rrrr 

14  days  at  j 
ground  level  1 

j 

1 

(lal 

All  acmes  rich  in  fat.  no  vascular 
enKorKctnent.  sudanophiiie  zone 

(lb) 

(ilomenilosa  free  of  fat;  much  fat  , 
in  reticularis  and  fasidculata;  no 
sudanophiiie  zone.  Except  for  i 
latter,  gland  looks  normal,  no 
vascular  engorgement  j 

(Ic) 

Slight  increase  of  fat  in  retiiai- 
laris;  otherwi.se  normal 

7  (lavs  at  I 
IS.IMM)  ft. 

(2a) 

Inner  fasciculata  has  no  fat  ;  out-  ' 
er  fasciculata  has  good  fat  de¬ 
posit;  reticularis  has  more  fat 
than  (4a);  sudanophiiie  zone 
stronger  than  (4a)  | 

(2b)  1 

l.(><)k.s  ratlicr  normal  in  all  zones  i 
except  that  fat  is  more  finely  dis-  ! 
per.sed.  Hyperplasia  of  the  retieii-  1 
laris. 

(2c) 

No  sections  made 

7  dav.s 

18.(HK)  ft. 
then  3  days 
at  27.(MX) 

i  (3a) 

!  Lower  fasciculata  and  reticularis 

I  have  engorged  blood  vessels  and 

1  are  full  of  fat;  fat  in  glomerulosa 

1  is  in  coarse  deposits  as  in  (4a) 

(3b) 

j  Completely  free  of  fat  in  all  zones. 

1  Vascular  engorgement  in  reticii- 
:  laris  and  fasciculata.  Rather  sim¬ 
ilar  to  (4a) 

!  (.‘le) 

'  Remarkable  loss  of  fat  in  all 
{  zones;  only  a  little  fat  in  glomeru¬ 
losa.  Blo(^  vessels  engorged  all 
way  to  the  glomerulosa 

1  dav  at 
IS.IHH)  ft. 
ilit‘11  7  days 
at  27,(KM» 

(4a) 

Lower  fasciculata  has  no  fat;  out¬ 
er  fasciculata  has  much  fat;  reti¬ 
cularis  ha.s  little  or  no  hit.  No 
blood  vessel  cmgorgemcmt 

1 

1 

1  (4c) 

1  ]' airly  uniform  fat,  dispersed  but 

1  le.ss  than  in  control  (4a);  reticu- 
!  laris  has  engorged  blood  ves.s«‘ls 

1  and  punctate  distribution  of  fat; 

less  fat  in  sudanophiiie  zone,  al- 
1  though  perhaps  an  overall  in- 
crease  in  fat  per  s<>ction 

tween  the  control  group  at  18,000  feet  and  the  RRrr-treated  group  tliere  i.s 
no  difference  indicated.  Between  tlie  controls  and  the  re.serpine-treated 
group  at  27,000  feet  for  two  weeks,  however,  there  is  a  greater  concentra¬ 
tion  of  erythrocytes  than  in.  the  placebo-treated  controls.  There  was  no 
interference  with,  or  abatement  of,  acclimatization,  therefore,  in  the  re-  ' 
serpine-treated  animals  of  either  group;  in  fact,  the  response  of  acclimatiza-  * 
lion  to  altitude,  judged  In'  this  index,  was  increa.sed  .substantially  if  no 
other  contravening  factors  were  involved.  It  may  be  noted  that  the  reser- 
pine-treated  rats  had  watery  feces,  although  water  was  supplied  ad  lihidnm. 

DISCUSSION 

The  results  reported  above  have  a  number  of  points  in  common  with 
the  work  of  Magill  and  Marbarger  (.5)  and  others  (O,  7),  on  one  hand,  and 
with  that  of  Wells,  Briggs  and  Munson  (2)  and  Darrow  and  Sarason  (7)  on 
the  other. 


Table  3.  Hematocrit  vai.ces  ok  co.ntrol  and  exi’erime.vtal  animals 


Plai 

■ebo 

R  Rrr 

rrrr 

( Iround 

13  days 

11  =0 

n  =  (> 

50% 

40% 

11  =2 

18,000  ft. 

1  week 

08% 

n=3 

11  =2 

70% 

11  =0 

27,000  ft. 

1  week 

n  =0 

11  =0 

70% 

11  =  5 

2  weeks 

75% 

11=8 

11  =  12 

82% 

85% 

11  =  11 

1 


174 


EPrtTEIX,  ERIKSON  AND  REYNOLDS 


Volume  66 


The  loss  of  body  weight  relative  to  adrenal  hypertrophy  and  increased 
hematocrit  levels  at  altitude,  especially  the  higher  altitude,  employed,  are 
typical  of  those  reported  before  (5,  6).  They  need  not  be  elaborated  upon 
again.  With  respect  to  reserpine,  it  is  evident  that  the  large  initial  dose 
caused  but  slight  adrenal  hypertrophy  and  no  absolute  enlargement.  How¬ 
ever,  it  did  confer,  presumably  through  an  initial  alarm  action,  protec¬ 
tion  against  the  smaller  doses  which  followed.  This  is  evident  in  the  body 
weight  loss  curve  as  compared  with  that  which  is  found  when  only  the 
smaller  dose  is  used  (see  Fig.  2).  Moreover,  the  latter  group  did  show  a 
relative,  but  not  absolute,  adrenal  enlargement,  resulting  from  the  greater 
loss  of  body  weight.  Wells  el  al.  (2)  found  that  a  single  large  dose  of  reser¬ 
pine  caused  acute  secretion  of  ACTH  by  the  hypophysis  which  resulted  in 
decreased  ascorbic  acid  in  the  adrenal  four  hours  later.  Daily  administra¬ 
tion  of  reserpine  thereafter  had  no  such  effect,  for  chronic  administration 
of  0.125  mg.  of  reserpine  per  100  gm.  of  body  weight  thereafter  elicited  no 
further  secretion  of  ACTH.  This  observation,  if  it  applies  to  the  conditions 
of  our  experiments,  would  account  for  the  normal  acclimiztiation  which  oc¬ 
curred  in  our  rats  at  altitude.  The  fact  that  the  acclimatization  response 
was  exaggerated  in  the  reserpine-treated  rats  as  compared  to  the  controls 
suggests  that  the  treated  rats  were  not  deprived  by  the  large  doses  of  reser¬ 
pine  of  the  normal  acclimatization  mechanism  and  that  the  greater  adrenal 
hypertrophy  that  occurred  was  a  response  of  the  endocrine  system  to  the 
greater  stress  of  the  drug  under  chronic  low  barometric  pressure.  Wells 
et  al.  (2)  observed,  as  did  we,  the  decline  of  body  weight  with  reserpine.  The 
absolute  weights  of  the  adrenal  glands  of  their  treated  rats,  like  our  control 
rats,  showed  no  increase  in  size. 
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STUDIES  OX  ULTRA('EXTRIFUGE  FRACTIONS  OF 
ANTERIOR  PITUITARY  WITH  SPECIAL 
REFERENC'E  TO  ADRENOC'ORTICO- 
TROPIIIC  HORMONE/ 

.1.  H.  U.  BROWN  AM)  ERODE  ULVKDAL--^ 

piirtmcnt  of  }‘liijHiologij,  Kmory  ['niversity,  Atlanta,  (horgia 
AHSTUAC'T 

Sul)C(>llular  fractions  from  the  anterior  pituitary  lobe  obtained  by  ultra- 
centrifugation  were  analyzed  for  purity  by  chemical,  enzymatic,  and  pliys- 
ical  tests.  After  separation  of  particles  was  established  each  fraction  was  an¬ 
alyzed  by  a  three-dose  response  method  for  tlie  hormones  present.  The  hor¬ 
mones  of  the  anterior  pituitary  occur  in  separate  subcellular  fragments;  LH 
and  STH  in  the  secretory  granules,  TSH  in  the  mitochondria,  and  AC'TH  in 
the  microsomes  and  supernatant.  FSH  is  scattered  over  several  fractions. 
'I'rc'atment  of  the  fractions  with  acid  has  little  effect  on  STH  while  alkali  de¬ 
stroys  this  hormone.  TSH  activity  is  destroyed  by  both  acid  and  alkaline 
treatment.  .\cid  treatment  of  the  fractions  augments  FSH  activity  while 
it  destroys  LH  activity.  .Vlkaline  treatment  decreases  the  activity  of  the 
gonadotrophins.  .\CTH  activity  is  potentiated  by  acid  treatment,  while  alka¬ 
line  treatment  decreast's  the  activity  of  .VC'TH  slightly.  .Analysis  of  the  frac¬ 
tions  for  hormone  content  indicates  that  .VCTH  comprises  1%,  STH  ().<)%, 

TSH  1.8%,  FSH  1.1%  ami  LH  1.4%  of  the  weight  of  whole  fresh  anterior 
pituitary.  On  the  basis  of  unitage  there  were  1 1  units  of  .ACTH,  b  units  STH, 

720  units  of  TSH,  ooO  units  of  FSH  and  350  units  of  LH  per  gm.  of  fresh  pitui¬ 
tary  and  0  times  these  amounts  per  gram  of  pituitary  proteins. 

IT  IS  well  known  that  treatment  of  protein  hormones  with  acid  or  alkali 
alters  the  potency  of  the  preparation  and  may  also  alter  the  biological 
character  of  the  hormone.  For  example,  C.  11.  Li  (HI)  demonstrated  that 
an  increase  in  ACTH  activity  could  be  obtained  by  partial  hydrolysis  of 
the  whole  protein  molecule.  Li  and  Pedersen  (17)  also  observed  that  a  dis¬ 
sociation  of  the  protein  molecule  occurred  in  acetic  acid  solution.  The 
authors  suggest  the  possible  existence  of  more  than  one  active  center  on  the 
protein  hormone.  Stack-Dunne  and  Young  (2.5)  also  considered  the  pos¬ 
sibility  that  more  than  one  ACTH  existed  as  they  were  able  to  separate  an 
adrenal  weight  gain  factor  (AWG)  from  an  ascorbic  acid  depleting  (AAD) 
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factor.  Similar  results  were  obtained  by  Hinfret  (22).  Lo(*k  (IS)  found  the 
.V.Vl)  factor  of  ACTH  from  pig  glands  to  be  completely  destroyed  by  heat¬ 
ing  for  ten  minutes  at  100°  C'  with  O.IX  XaOlI  while  llungerford  ct  al. 
(0)  and  .Johnsson  (10)  found  the  eosinophil  reducing  activity  remained 
unchang(‘d  upon  alkaline  treatment  again  suggesting  a  dual  activity  of  the 
hormone. 

Hates  (1)  made  a  comparison  of  the  effect  of  acid  or  alkaline  extracts  of 
the  same  preparation  of  ACTH  upon  the  AAI)  activity.  He  found  that  the 
acid  extracted  fraction  was  more  potent  than  the  alkaline  treated  fraction 
in  depleting  the  adrenal  ascorbic  acid  when  injected  I.V.  However,  the 
reverse  was  true  when  the  fractions  were  injected  subcutaneously.  The 
fractions  were  about  ecpial  in  potency  as  assayed  by  the  adrenal  weight 
increase  method.  Dasgupta  and  Young  (4)  observed  that  their  crude  ex¬ 
tracts  of  ox  ACTH  were  devoid  of  activity  in  the  Sayers  test  but  activity 
rapidly  appeared  in  the  extract  when  it  was  adjusted  to  pH  .4  with  HCl. 
In  every  case  the  activity  was  in  the  supernatant  and  not  in  a  precipitate 
resulting  from  treatment.  Activity  in  the  Sayers  test  was  destroyed  within 
two  hours  upon  standing  at  alkaline  pH.  Experiments  by  Slusher  (24)  sug¬ 
gest  a  separation  between  the  adrenal  ascorbic  acid  depleting  and  corti¬ 
costerone  producing  factors  in  experiments  on  rats  subjected  to  stress  after 
bilateral  electrolytic  lesions  were  placed  in  the  hypothalamus.  All  of  this 
evidence  suggests  the  production  of  two  types  of  ACTH. 

.  With  regard  to  other  hormones,  Collip  (:f)  found  that  pituitary  gonad¬ 
otrophins  and  thyrotrophin  were  inactivated  by  prolonged  boiling  and 
were  sensitive  to  alkali.  Several  workers  have  investigated  the  activity  of 
growth  hormone  (STH)  preparations  at  different  pH’s.  Ifeid  failed  to  ob¬ 
serve  a  change  in  activity  of  STH  after  incubation  of  the  hormone  at  pH 
2.S  for  100  min.  at  87°  ('.  hdlis  et  <il.  (0)  came  to  a  similar  conclusion  after 
treating  the  hormone  in  acetic  acid  or  acetate  buffer.  Li  and  Papkoff  (10) 
found  the  activity  to  be  destroyed  by  heating  the  hormone  for  one  minute 
at  100°  C  in  O.IX  acetic  acid.  Many  groups  agree  that  strong  alkali  de¬ 
stroys  the  growth  hormone  activity.  It  is  interesting  to  note,  however,  that 
the  acid  treated  hormone  separated  into  two  electrophoretic  components. 
The  biological  activity  appeared  to  be  associated  with  the  slower  compo¬ 
nent. 

Many  investigators  have  reported  that  the  activity  of  the  trophic  hor¬ 
mones  from  the  anterior  pituitary  can  be  altered  by  various  treatments 
but  their  results  were  obtained  with  purified  hormones.  In  the  work  re¬ 
ported  here  fresh  pituitary  fractions  obtained  by  ultracentrifugation  were 
used,  and  comparative  results  obtained  by  these  very  different  procedures 
can  be  discussed  only  on  a  general  basis. 

The  purpose  of  this  paper  is  to  investigate  the  activity  of  the  trophic 
hormones  in  the  subcellular  particulate  fractions  obtained  by  ultracentrifu- 
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Ration  following  treatment  with  aeid  or  base.  Some  observations  on  hor¬ 
mone  content  of  the  pituitary  have  also  been  made. 

MF/rHODS^-’ 

'I'lio  iiu'tliods  of  ol)ta'min>;  sul)C(‘lluliir  ))articl('s  in  distinct  fractions  from  pi}>;  anterior 
l)ituitary  lobes  by  ultracentrifufiation  and  determining  tlie  iiurity  of  the  fraetions  (11) 
have  been  described  i)revioiisly.  The  hormone  content  and  localization  in  untreated 
fractions  have  also  been  reported  (2S).  In  general  the  method  involved  the  separation  of 
a  nuclear  fraction,  secretory  granuh's,  mitochondria,  liftld  mitochondria,  microsomes, 
and  supernatant  from  a  homov;enat«‘  of  pi>>;  anttnior  ])ituitary  lobes  in  ().2.'}  M  sucrose  fol¬ 
lowed  by  identification  of  each  fraction  by  enzymatic,  biochemical,  and  physical  tests, 
liach  individual  fraction  was  assayed  for  STH,  TSII,  LII,  FSH,  and  .\('TH.  STH  was 
assayed  by  the  growth  n'sjaonse  in  hy])ophysectomized  rats  and  by  the  thymus  weight 
increase  of  immature  rats;  'I'SH  by  tin*  1'^'  uptake*;  LII  by  the*  increase  in  seminal 
vesicle  and  prostate  weight  of  hypophysectomize'd  rats  and  by  the  uterine  weight  inereas 
in  immatun*  female  rats.  f’SH  was  assayed  by  the  testes  weight  increase  in  hyi)ophysec- 
tomized  rats  and  by  the  ovarian  weight  increase  in  immatun*  rats  using  the  augmenta¬ 
tion  method  of  Steelman  and  Pohley  (27).  .\C'TH  was  assayed  by  the  Saffran  (23)  in 
vitro  adrenal  stimulation  method,  the  decrease  in  circulating  eosinophils,  and  the  deple¬ 
tion  of  adrenal  ascorbic  acid.  Each  assay  was  conduct(*d  at  three  dose  h*v(*ls  in  the 
ajtpropriate  test  animals. 

After  obtaining  the  subcellular  fractions  a  jtart  of  the  volume  was  set  aside  untreated. 

A  volume  of  each  fraction  was  brought  to  pH  3  with  O.IX’  H('l  and  maintained  in  a 
water  bath  at  100°  C  for  thirty  ininutes.  Similarly  another  portion  of  the  original  vol¬ 
ume  of  each  fraction  was  brought  to  pH  9  with  0.1  X  XaOH  and  kei)t  in  a  boiling  water 
hath  for  ten  minutes.  The  acid  and  alkaline  treated  fractions  were  neutralized  before 
inj(*ctions  into  test  animals.  The  fractions  were  injected  not  later  than  ten  minut(*s 
aft(*r  the  described  treatment.  It  should  be  emphasized  that  only  two  j)H  treatments  were 
utilized.  The  method  adoided  was  that  used  by  C.  H.  Li  (14)  in  his  studies  on  ])ure  hor¬ 
mones  of  the  pituitary.  This  was  neces.sary  becaust*  of  the  |)rohibitive  numlK*r  of  rats 
r(‘(iuired  to  a.ssay  each  fraction  for  each  hormone  over  a  wide  j)!!  range*. 

resatlts  and  discussion 

When  fractions  obtained  upon  ultracentrifugation  of  anterior  pituitary 
are  treated  witli  acid  or  alkali,  characteristic  changes  occur  in  the  activity 
of  the  individual  hormones  (Tai)le  1  and  2).  In  order  to  discuss  the  changes 
conveniently,  the  hormones  will  be  considered  separately: 

1.  TSH.  TSH  is  found  largely  in  the  mitochondrial  fraction  (Fraction 
HI,  Table  1).  Treatment  of  the  anterior  pituitary  fractions  with  acid 
(pH  with  O.IX  IICl)  and  boiling  for  thirty  minutes  almost  completely 
destroys  the  TSH  activity  (Table  2).  After  such  treatment  some  activity 
is  still  located  in  Fraction  III,  but  is  only  about  15%  of  that  found  in  the 
untreated  fraction.  Alkaline  treatment  of  the  fractions  (pH  9  with  O.lN 
XaOII)  with  boiling  for  ten  minutes  completely  destroys  TSII  activity. 

*  Pituitary  (Hands  w{*r(*  olitaincd  through  the  court(*sy  of  Armour  and  Company 
;  id  Whitt*  Provision  Company,  .Vtlanta,  CJeorgia. 

Tlie  assistance  of  .Mrs.  .\talante  Petkas  is  gratefully  aeknt)wledge<L 
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Table  1.  Distribution  of  hormonal  activity  among  pituitary  fractions  on  the 

BASIS  OF  HORMONE  POTENCY  IN  A  FRACTION  AS  COMPARED  TO  FRACTION  1 


1 

TSH 

STH  ; 

FSH 

I.H  A- 

FSH  1 

FSH  i 

LH 

Frartioii 

Thyroid  • 
|m  1 

uptake  1 

Tliviims  ' 

w,.  , 

Ovarian  wt. 

I'tcrinc  wt. 

Tc.stcs  ! 

S<‘m.  V 

cs.  wt. 

i  gain  ; 

Normal  1 

Acid 

Normal  , 

Acid  1 

wt.  ! 

Normal  | 

Acid 

llumogcmato  ' 

1.22'* 

.76 

1.38 

3.75 

8.44 

1.21 

2.44*  ! 

- 

,  _  ! 

_ 

I.  Nueeli  & 
dvbrLs 

l.(K) 

I.IM) 

I.INI 

I.IH)  1 

1.78* 

l.(H) 

4.73* 

l.CKI 

l.(Kl 

.17 

11.  Aridophilir 

granule.s 

i  l.-M 

2.46» 

1.50* 

1 

,  6.50*  1 

17.2* 

1 

i  3.8(1* 

3.31*  i 

4. (HI* 

:  1.74*  , 

.35 

III.  Mitochondria 

3.75 

!  .43 

.<15 

1.63 

1.52* 

1  1  66 

1  l-’3 

,  2.13* 

.53 

.11 

11 1. A.  Light 

Mitochondria 

’1.12 

!  .48 

'  1.43 

1.7<» 

j  .117 

i  .87 

IV.  Microsomes 

.87 

.(HI 

'  .14 

•1 .  il5* 

1  •MI.5* 

1  ..58 

'  1..57* 

.82 

1  .3(1 

1.(13* 

V.  Siipt^rnatant 

1.35 

.17 

,  .73 

l.'.IO* 

1  l.'IO 

!  -1" 

1.76* 

1  1.25 

1  .(18 

i  “ 

*  When  pot«*n<*y  values  for  aeid  or  alkaline  treated  fraetioiLs  are  uniformly  deereased,  they  are  not  iiu'luded  in  tlie 
Tables. 

*  The  potencies  are  calculated  accoiding  to  the  method  of  Kmmeas  (7),  using  Fraction  I  (Nuclei  debii.s)  as  stand¬ 
ard.  For  purposes  of  calculation,  dose  response  curves  are  assumed  to  b<*  parallel. 

*  Values  are  significant  (I*  s=(1.05). 


Tlie  rapid  destruction  of  TSH  is  in  agreement  with  results  reported  by 
(Jeschwind  (4)  who  noted  that  TSH  is  destroyed  with  periodate,  and  by 
Chow  (2)  who  observed  that  TSH  was  inactivated  by  lioiling  alkaline 
treatment. 

2.  STH.  The  growth  hormone  activity  is  located  largely  in  Fraction  II 
(secretory  granules).  When  acid  treated  fractions  were  assayed  for  STH 
by  the  growth  response  in  hypophysectomized  rats,  the  activity  as  com¬ 
pared  to  normal  decreased  in  Fraction  I,  IIIA,  IV,  and  V,  and  remained 
unchanged  in  Fraction  II  (Table  1).  The  lower  values  obtained  in  Fraction 
IIIA,  IV,  and  V  may  indicate  that  some  augmenting  substance  is  de¬ 
stroyed.  For  example,  the  destruction  of  TSH  which  usually  augments 
STH  would  explain  the  loss  of  activity  in  Fraction  III.  Alkaline  treatment 
of  the  fractions  reduces  the  STH  potency  as  compared  to  the  untreated 
fractions. 

.4.  FSH  and  LH.  The  gonadotrophins  were  assayed  by  several  methods 


Table  2.  The  assay  of  ACTEI  in  subcellular  fractions  of  pig  anterior  pituitary  bv 

THE  ADRENAL  ASCORBIC  ACID  DEPLETION  METHOD  AND  BY  DECREASE  IN  CIRCULATING 
eosinophils  upon  injection  of  a  (ilVEN  NORMAL  FRACTION  AND  OF  THE  SAME 
FRACTION  TREATED  WITH  ACID  OR  ALKALI 


All  average  of  40  rats  was  used  to  deterniiiie  eaeEi  value.  Itesults  are  averages  of  five 
cent  rifugations. 


Fraction 

Ad 

Hi 

•enal  ascorbic  | 

id  depletion  j 

Decrease  in 
circulating  eosinophils 

Normal 

Acid 

.\lkaline 

Normal 

.\cid 

.Vlkaline 

Etoniogenate 

.90* 

1.47 

.71 

1.32 

.33 

1.33 

I.  Nuclei  &  debris 

1  .00 

.78 

.0:4 

1 .00 

.17 

.00 

II.  .\cidophiIip  granules 

.8:4  . 

.8:4 

.90 

.84 

.0:4 

.71 

III.  Mitochondria 

.70 

1 .05 

.82 

1 .5:4* 

1.41* 

.41 

III.\.  Light  Mitochondria 

.8:4 

1.12 

.81 

.87 

.94 

.00 

IV.  Microsomes 

1.48* 

2.94* 

1.00 

1 .05 

2.89* 

1  .29 

V.  Supernatant 

.84 

.8:4 

.04 

.73 

1.77* 

1.00 

'  See  Table  1  for  e.xplanation  of  potency  calculations. 
*  Data  are  significant  (1*  =0.0.5). 
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in  order  to  obtain  some  degree  of  confidence  in  location  among  the  various 
subcellular  fractions.  Assays  for  FSH  by  the  ovarian  weight  method  of 
Steelman  and  Pohley  (27)  revealed  activity  in  Fraction  II,  IV  and  V. 
Treatment  with  acid  resulted  in  an  augmentation  of  the  FSH  response. 
Alkaline  treatment  of  the  fractions  on  the  other  hand,  uniformly  decreased 
the  ovarian  weight  below  that  seen  with  the  untreated  fractions  and  no 
definite  peak  of  activity  occurred.  As  assayed  by  the  testes  weight  method 
in  hypophysectomized  male  rats,  FSH  activity  again  appeared  in  Fraction 
11.  Acid  or  alkali  treatment  of  the  fraction  decreased  the  respon.se  (Table 
1).  It  is  possible  that  the  much  more  sensitive  ovarian  weight  assay  method 
did  not  reveal  the  degree  of  destruction  of  FSH  shown  in  the  assay  by  in¬ 
crease  in  testes  weight. 

The  assay  of  gonadotrophin  in  normal  fractions  l)v  the  uterine  weight 
increase  method  in  hypophy.sectomized  rats  reveals  activity  in  Fraction  II. 
Acid  treatment  did  not  alter  the  activity  but  alkaline  treatment  greatly 
diminished  the  response.  The  same  situation  is  seen  in  the  assay  for  LH 
by  the  increase  in  .seminal  vesicle  weight  in  hypophy.sectomized  male  rats. 
In  both  assays  an  interesting  problem  arises.  Upon  acid  treatment.  Frac¬ 
tion  IV  (microsomes)  was  found  to  have  LH  activity  as  measured  by  both 
tests  indicating  that  gonadotrophin  is  released  in  this  Fraction.*’  The  results 
could  be  summarized  l>y  saying  that  evidence  favors  the  presence  of  LH 
and  FSH  in  the  secretory  granules,  that  both  appear  to  be  decreased  in 
amount  on  acid  treatment,  and  that  both  are  decrea.sed  to  a  still  greater 
extent  by  alkaline  treatment.  The  acid  treatment  appears  to  relea.se  LH 
from  the  microsomal  fraction  and  this  may  reflect  another  .state  of  the  hor¬ 
mone.  This  result  could  not  be  explained  as  augmentation  without  assum¬ 
ing  that  either  FSH  or  LH  was  released  from  an  inactive  state  to  provide 
augmentation.  The  fact  that  the  respon.se  occurs  in  the  .seminal  vesicle 
weight  test  supports  that  idea  that  the  hormone  released  is  LH,  while  the 
failure  of  the  response  to  occur  in  the  FSH-specific  ovarian  weight  test  of 
Steelman  and  Pohley  suggests  that  FSH  is  not  involved.  The  a.ssays  have 
been  repeated  on  immature  male  and  female  rats  in  the  ;i-dose  90  hour  test 
with  identical  results. 

4.  ACTII .  The  localization  of  ACTH  in  the  untreated  fractions  is  not  as 
clear  cut  as  that  of  TSH  or  STH  (Table  2).  As  determined  by  the  adrenal 
ascorbic  acid  depletion  test  ACTH  is  present  in  Fraction  IV ;  the  eosinophil 
response  test  reveals  widely  scattered  activity  with  greater  response  in 
Fraction  III;  and  the  SafTran  (18)  in  vitro  steroid  production  test  discloses 
activity  in  F'raction  V,  but  with  some  activity  in  Fraction  IV.  On  acid 

®  In  our  ('xporimonts  tlio  basoi)hilic  granules  dissolve  and  presumably  beeoine  a 
part  of  the  supernatant  or  the  niierosornal  fraetions.  MeShan  and  Meyer  (personal 
oinmunieation)  have  reported  that  centrifugation  of  pituitary  in  ().8S  M  sucrose  pre- 
erves  the  basophilic  granules  and  that  some  gonaflotrophic  activity  is  seen  in  this  frac¬ 
tion. 
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treatment  Fraetion  III  lost  activity  as  measured  hy  tlie  eosinopliil  re¬ 
sponse  test  hut  the  activity  of  Fraetion  IV  and  V  was  increased  over  that 
of  the  untreated  fraction  as  estimated  l)y  this  test.  Alkaline  treatment  de¬ 
stroys  that  activity  present  in  all  fractions  except  in  IV  and  V.  The  results 
suggest  that  a  specific  ACTH  may  he  released  from  its  carrier  protein  or 
activated  from  “pre-hormone.”  This  is  further  supported  hy  the  ascorbic 
acid  depletion  test  where  the  largest  drop  in  adrenal  ascorhic  acid  was  seen 
in  Fraction  IV.  Acid  treatment  markedly  increases  the  activity  of  this 
fraction,  with  no  increase  in  the  activity  of  other  fractions.  When  ACTII  is 
assayed  hy  Satfran’s  in  vifro  method  and  the  steroid  production  determined 
hy  the  non-specific  ultraviolet  adsorption  at  240  n  (F-24())  there  is  an  in¬ 
creased  steroid  production  in  adrenals  treated  with  the  acidified  fractions 
(Table  d).  I’he  largest  single  response  is  produced  by  Fraction  V;  the  great¬ 
est  response  in  terms  of  percentage  increase  above  the  untreated  fraction  is 
produced  by  acidified  Fraction  IV.  When  the  corticosterone-specific 
fluorescence  test  (Zenker,  29)  is  utilized,  the  marked  increase  in  steroid 
production  with  acidified  fractions  did  not  occur.  This  may  indicate  that 
the  fractions  (ACTII)  act  by  affecting  the  precursors  in  the  synthesis  of 
corticosterone,  but  do  not  act  directly  in  the  final  step.  Alkaline  treatment 
decreases  l)ut  does  not  destroy  the  ACTII  activity  in  all  pituitary  fractions. 

The  marked  increase  in  the  activity  of  ACTII  upon  acid  treatment  of  a 
given  fraction  may  be  due  to  several  mechanisms.  (1)  ACTII  may  be  pres- 
sent  in  the  gland  in  a  larger,  relatively  inactive  molecule  from  which  a 
moiety  is  released  on  acid  treatment ;  (2)  “active”  sites  of  the  molecule  may 
be  made  “available”  by  acid  treatment:  or  (3)  it  is  possible  to  assume  that 
acid  treatment  destroys  some  “inhibitor”  and  releases  the  ACTII.  All  these 
explanations  have  some  basis  in  fact.  Several  workers  have  demonstrated 
that  fractions  of  the  ACTII  molecule  (m.w.  20,000)  with  molecular  weights 
of  about  2.500  are  extremely  active  (17,  19,  20).  Li  and  others  (17,  LI,  14) 
have  also  suggested  that  ACTII  can  be  potentiated  by  acid  treatment,  and 
Stack-Dunne  and  Young  (2.5)  have  claimed  to  be  able  to  separate  two 
fractions  of  ACTII,  one  which  caused  adrenal  weight  gain,  and  another 
wliicli  caused  ascorbic  acid  depletion. 

Regardless  of  the  mechanism  of  action,  it  is  apparent  that  treatment  of 
subcellular  fractions  of  anterior  pituitary  cells  with  acid  enhances  the 
.\CTII  activity  markedly.  The  fact  that  treatment  eidiances  the  potency  of 
ACTII  in  Fraction  IV  by  the  eosinophil  depletion  test  where  little  activity 
existed  before  strongly  supports  the  suggestion  that  acid  treatment  in  some 
way  “activates”  ACTII. 

The  results  on  ACTH  reported  here  confirm  the  work  of  others  on  pure 
hormone.  It  must  be  stressed,  however,  that  a  completely  different  situa¬ 
tion  exists.  In  this  case  hormones  are  separated  physically,  not  chemically, 
and  potentiation  with  acid  may  simply  reflect  a  release  from  a  particulate 
rather  than  actual  activation  of  a  protein  molecule. 
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Tabi.k  In  vitro  kvxthksis  of  steroid  by  adrenals  after  addition  of  si  bcelli  lar 

PARTICLES  OBTAINED  BY  I  LTRACENTRIFCCATION 


The  (lata  arc  avcrancs  of  five  ccntrifiifjations  with  cifiht  flasks  ])cr  fraction. 


Fraction 

1 

Test  ' 

nK-  steroid/ 

100  mu.  adrenal/liour/mn.  N 

Normal 

Acid 

.\lkaline 

lloinoncnatc 

i;-240 

Fluor. 

7 . 5  ±  1  . 1  * 

5. a  ±0.01 

O.tt  +  1  .2 

.Y.a±1.2 

ti.4  +o.a 
a.0±().4 

1 

Iv^tO 

Fluor.  ! 

0.84-0.01  1 

0.7+0. a  , 

14.0  +  1  .0 

o.a  ±0.0 

0.4  +  1  .0 

I.8±().a 

II 

E-L'K) 

Fluor. 

0. 1  +2.0 

0.0  ±1.4  ! 

12.8  ±0.0 

5 .  o  ±  0 . 7 

4 .2+0.7 

4.0  ±0.0ti 

III 

i:-24() 

I'luor. 

8. 7  +  1. 7 

7. 4  ±1.2  , 

18.7  +  1  .') 
0.8±  1  .8 

7. 2  ±1.4 

4.0  ±0.2 

IlIA 

F:-24() 

Fluor. 

8.1+a.o 

7.7±i.a 

21. a +2.1 

7.()±  1  .0 

5.0  +  1  .4 
2.0±0. 1 

IV 

i:-24() 

Fluor. 

0.2 +  1.0 

0 . ±  0 . 8 

28.8+0.5 

0.8  ±2.0 

a.O  +0.2 
a.o  ±0.2 

^;-240 

Fluor. 

ao.  1  +2.0 

24.0±.t.0 

'  4a.a  +  2.2 
;  20. 2  ±1.2 

25 .1+1.5 

18.4  ±0.4 

ACTll 

10  fifi.  protein 

i:-24() 

Fluor. 

2.8+0. 2 

1  .  1  ±0.1 

at)  pf'.  protein 

i:-240 

Fluor. 

i  4.a±0.7 

2.4  ±0.0 

1 

1 _ 

i  _ 

*  Standard  deviation. 

Blanks  subtracted  from  all  values. 


Calculation  of  the  KOinif?  of  hormone  per  kilogram  of  protein  in  anterior 
pituitary  reveals  .several  interesting  oh.servations  (Table  4).  For  this  cal¬ 
culation  each  hormone  was  assayed  against  a  standard  preparation  as  indi¬ 
cated  in  the  results.  Dose  response  curves  were  plotted  and  the  potency 
determined  as  dose  of  standard  as  compared  to  dose  of  fraction  retiuired 
to  produce  a  given  respon.se.  As  determined  by  both  thymus  weight  in- 
crea.se  and  growth  rate,  STH  is  present  in  .secretory  granules  and  both 
methods  assay  almost  identical  amounts  of  hormone.  TSH  is  also  pre.sent  in 
this  fraction  but  much  more  is  present  in  the  mitochondrial  fraction. 
I'issentially  equal  (piantities  of  ACTH  are  pre.sent  in  microsomal  fractions 
as  determined  by  any  method  of  assay.  The  greater  amount  of  hormone 
present  in  the  supernatant  as  revealed  by  Saffran’s  in  vitro  method  sug¬ 
gests  that  a  soluble  form  of  ACTII  is  present  here  which  more  easily  pene¬ 
trates  the  cells  and  stimulates  steroid  production.  High  levels  of  both  FSH 
and  LII  are  present  in  the  .secretory  granule  fraction.  It  is  more  than  likely 
that  such  high  values  are  unreliable  due  to  the  well-known  augmentation 
which  occurs  between  these  two  hormones.  Only  small  (piantities  of  hor¬ 
mones  with  the  exception  of  TSH  and  AC -Til  are  pre.sent  in  the  super¬ 
natant. 
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Table  4.  The  hormoxe  context  or  i  ltracextrifcoe  fractions 

OF  PIO  ANTERIOR  PITUITARY 

Results  are  expressed  as  grams  of  hormone  per  kilogram  of  pituitary  protein  (nitrogen 
Xt).25).  The  values  given  are  averages  of  six  centrifugations  with  approximately  50  animals 
per  dose  per  fraction  per  assay.  Significant  increases  above  the  average  hormone  content 
(p=0.t)2)  arc  indicated  by  asterisks.  I’nitage  is  calculated  on  potencies  of  pure  hormone 
standards  as  indicated  below. 


.ACTH  1 

STII  1 

TSH  i 

FSH 

LH  1 

Om.  kp. 
of  all  pro¬ 
tein  hor- 

Fraction 

SafTran’s  test  | 

Thvmus  ] 
\vt.  1 

(Irowtlj 

im  1 
uptake  ! 

Ovarian' 
\vt.  1 

acid 
depl.  1 

phil  1 
decreast*  j 

K-240  1 

Fluores¬ 
cence  1 

\vt. 

piven 

fraction 

I.  Nuclear  , 

11.  Secretary 

isranules  | 

III.  Mito<‘liondria 

III. A.  lipht  1 

Mit(K*liondiia 

IV.  Microsoiues 

V.  Stipernatant 

71 

.«  1 
46 

5- 

110* 

56 

no 

.56 

200* 

87 

KM) 

71 

17 

U) 

70 

45 

120* 

181* 

i:i  1 
27 

70  1 

SO  1 
1  KM)* 

1  245* 

.5.)  1 

i;{6* 

25  j 

0 

60 

166*  i 
:!0 

1  "  i 

!  5 

61  1 

166*  1 
250* 

140* 

5 

170* 

10 

147*  1 
41  1 

18 

71 

810* 

21 

10 

88 

80 

288 

851 1 

870 

i  820 

1  226 

1  4.58 

.Averape  amount  of 
piven  hormone  in  all 
fractions  pm  hormone/ 
kp.  pituitary  protein 

I  64 

KH 

i 

75 

i 

1 

84 

1 

1 

i 

45 

121 

1 

6.5 

1  88 

1 

i  \ 

N' 

410 

Units  of  hormone>'Rm. 
\shole  fresh  pituitary 

1 

6= 

1  720’ 

550' 

850' 

Hormones  %  of  fresh 
pituitary  by  weipht 

i  1.1 

1 

6 

!  1.8 

1.10 

1.4 

1  6.o':i 

%  increase  in  activity 
on  acid  treatment 

i 

+240 

+  188 

-21 

I  (1 

0 

0 

1  +1.57 

-65 

1 

t  Tliosr  valtirs  are  unrealistic  and  reflect  aufniientation. 

*  AC’TII*rnits  bas<‘d  on  International  Reference  Standaids  (1  unit  =1  iu>j.). 

^STIl-l'nits  bas<*d  on  International  Reference  Standards  (1  unit  iur.). 

®  TSH-l'nits  based  on  TSU  averaging  40  units  mg.  maxiimiiii  potency  as  compared  to  the  International  Reference 
Standards  (1  unit  -1  mg.). 

*  KSH-l’nits  bas<*d  on  KSH  averaging  50  units  mg.  maximum  potency  as  compared  to  .\rmour  264-151x  (1  unit/ 
iiig.>. 

*  LH-l’nits  based  on  LH  averaging  2.5  units  ing.  maximum  potency  as  compared  to  .Armour  227*80  (1  unit  mg.). 


Averaginp:  the  total  amount  of  each  hormone  pre.sent  in  the  pituitary 
protein  indicates  that  about  7%  of  the  protein  is  ACTH,  about  4%  is  STH, 
about  12%  TSU,  7%FSH,  and  9%  LH.  The  sum  of  all  hormones  within  a 
given  fraction  reveals  that  by  far  the  largest  amount  of  hormone  is  present 
in  the  secretory  granule  fraction  where  851  gms.  of  hormone  per  kilogram  of 
protein  were  obtained.  The  high  value  is  undoubtedly  due  to  the  augmenta¬ 
tion  between  FSH  and  LII  with  re.sulting  high  gonadotrophin  titers. 

Calculating  the  total  units  of  hormone  theoretically  present  in  one  gram 
of  pituitary  protein  discloses  that  ACTH  averages  about  70  units/gm.; 
STH  about  40  units/gm.;  TSH  about  4800  units/gm.  FSH  about  3500 
units/gm.  and  LH  about  2250  units/gm.  The  values  mentioned  are  higher 
than  those  usually  given  in  the  literature  because  they  are  based  on  milli¬ 
grams  of  hormone  protein  per  milligram  of  total  protein  instead  of  the 
usual  milligrams  of  hormone  or  units  of  hormone  per  gram  of  fresh  weight 
of  anterior  pituitary.  In  our  experience  the  protein  comprises  about  15%  of 
the  weight  of  the  fresh  gland  before  centrifuging.  Recalculation  on  the 
basis  of  fresh  weight  decreases  all  values  to  aliout  one-sixth. 
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Divs.  A.  K.  Wilhelmi  and  Stanley  Ellis'  (personal  communication)  have 
prepared  many  pituitary  hormones  as  reference  standards  and  their  values 
have  been  taken  in  the  calculation  of  hormone  content  as  presented  here. 
The  results  obtained  by  our  method  of  isolation  as  compared  to  the  protein 
separation  methods  of  Wilhelmi  and  of  Ellis  are  in  excellent  agreement  for 
STH  but  in  poor  agreement  for  other  hormones  as  our  results  are  much 
higher.  This  may  reflect  losses  which  occur  in  separation  procedures  which 
are  not  found  in  whole  gland  assay,  or  augmentations  between  the  various 
hormones  in  fractions.  It  should  be  emphasized  that  the  maximum  degree 
of  puritv  which  has  been  obtained  bv  the  ultracentrifuge  method  is  about 
lo%. 

If  the  various  fractions  are  treated  with  acid  as  described  above  changes 
in  total  hormone  content  occur  (Table  4).  In  fractions  which  contain 
ACTII  as  measured  by  non-specific  methods,  the  activity  is  increased  by 
more  than  200%  upon  acid  treatment.  In  the  non-specific  ultraviolet  ab¬ 
sorption  method  for  identification  of  steroids  (10-240)  an  increase  of  1SS% 
occurs  while  in  the  specific  fluorescence  method  measuring  corticosterone 
production,  no  increase  in  activity  occurs  on  acid  treatment.  This  may  in¬ 
dicate  that  acid  treatment  releases  a  form  of  ACTII  which  stimulates  for¬ 
mation  of  precursors  of  the  final  product. 

Interestingly  enough,  total  ACTII  activity  in  the  pituitary  a.ssays  the 
same  by  ascorbic  acid  depletion  or  by  Saffran’s  in  vitro  method.  Much 
higher  amounts  of  .ACTII  are  found  when  the  hormone  is  analyzed  by  the 
eosinophil  response  again  demonstrating  the  relative  non-specificity  of  this 
method. 
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Till'  Research  iMhoralories  of  the  Fifth  and  Sixth  (Boston  Cniversitij)  Medical  Services  and 
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Departments  of  Medicine  and  Snrgerij,  Boston  I'niversitg  School  of  Medicine, 

Boston ,  M a.s,sach  asetts 

ABSTRACT 

'rii(‘  (•(iiicciitratidns  of  tricliloroacctic  acid  ('PC A)  soluhli*  and  'I'CA-prc- 
cipitablc  iodine  in  tlic  arterial  and  tliyroid  venous  plasma  of  tin'  pentoharhital- 
aiu'sthetized  dof>;  were  measured  serially  ht'fore  and  aftt'r  tin*  systeinie  ad¬ 
ministration  of  thyrotropin.  When  the  glandular  iodine  had  been  labelled  by 
administration  of  1*’*  2  to  (i  days  earlier,  the  injection  of  thyrotropin  resulted 
in  a  i)rompt  release  not  only  of  BHl'^'  but  also  of  iodide"'  from  the  >;land,  and 
there  was  a  loss  from  the  shiml  of  ajjpreeiable  (piantities  of  iodide'"^'  as  well. 

The  release  of  iodide  which  was  detectable  within  :i()  minutes  after  'I'SH  in¬ 
jection,  was  enhanced  by  tin'  administration  of  ix'rchlorati'.  Since  thyrotropin 
had  litth'  effect  on  tin'  thyroidal  accumulation  of  plasma  iodide  uinh'r  these 
conditions,  tin'  inorganic  iodich'  reh'as('d  from  tin'  ffland  was  not  iodidi'  in'wly- 
enterc'd  from  tin'  plasma,  but  arose  from  an  iodine-containinff  i)recursor 
within  the  j^land.  .\  |)rompt  stimulatory  effc'ct  of  TSH  uinm  au  intrafjlandular 
(h'iodination  proct'ss  appt'ars  to  in'  the  likelii'st  *'\i)lanation  of  thi'st'  observa¬ 
tions. 

By  THE  use  of  radioactive  iodine,  the  stiimdating  effect  of  thyrotropin 
(TSH)  upon  the  thyroid  ("tti  he  shown  in  at  least  three  different 

ways — the  “trapping”  of  plasma  iodide,  the  organic  binding  of  iodine  and 
the  secretion  of  thyroid  hormone.  Increased  glandular  secretion  of  hor¬ 
monal  iodine  is  one  of  the  earliest  detectable  responses  to  the  administra¬ 
tion  of  thyrotropin.  Thus,  in  man  while  an  interval  of  S  to  10  hours  elapses 
between  injection  of  TSH  and  detectable  enhancement  of  thyroidal  radio¬ 
active  iodine  accumulation  (1),  the  systemic  plasma  concentration  of  la¬ 
belled  PBI  rises  within  00  minutes  (2)  and  the  labelled  PBI  concentration 
in  thyroidal  venous  plasma  of  the  dog  (d)  and  rabbit  (4)  ri.ses  within  .40 
minutes  after  TSH  injection.  In  the  course  of  studies  involving  measure¬ 
ments  of  the  plasma  concentrations  of  labelled  iodine  in  arterial  and 
thyroid  venous  blood  of  the  dog  (.5)  the  effects  of  TSH  administration  upon 
these  values  were  investigated.  Tlie  experiments  showed  that  TSH  not 
only  stimulated  hormonal  iodine  .secretion,  but  also  induced  a  prompt 

I{cc('iv('(l  .Juno  IH,  19.59. 

'  This  invostistition  was  sui)port('(l  by  a  ro.soarcli  ^rant  (.\-2.5S.5)  from  tlio  liistitutt' 
•f  .\rtliritis  ami  Metabolic  Disease's,  I’ublie'  Ib'altli  Se'rvice'. 
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glandular  release  of  inorganic  iodide  which  resembled  in  its  time  course  and 
magnitude  the  increased  hormonal  iodine  secretion. 

METHODS 

Nino  mongrol  dogs  weighing  80  to  (50  i)oun(ls  each  were  used,  eaeh  serving  as  the 
subject  of  a  single  experiment.  The  animals  were  used  within  a  few  days  after  their 
arrival  in  the  laboratory  and  their  j)r(‘vious  di('tary  history  was  unknown;  in  the  labora¬ 
tory  they  were  f(‘d  Purina  C'how.  Eaeh  animal  but  one  receive<l  an  intravenous  injection 
of  .oO  to  100  pc.  f)f  (carrier-fn'c,  sodium  iodide*’*  (Scpiibb))  2  to  (5  days  before  the 
e\l)eriment  was  performed  in  order  to  label  the  glandular  iodine;  the  remaining  dog 
rec(‘ived  the  tracer  1”*  2  hours  before  the  experiment.  The  exi)erim(“ntal  i)roc(‘dure  was 
(h'signed  to  provide  a  series  of  simultaneously  drawn  samples  of  arterial  and  of  thyroid 
V(‘nous  blood;  the  exi)erimental  i)rocedure  last(‘d  1  to  2  hours  and  observations  were 
made  before  anil  after  administration  of  thyrotropin  into  a  systemic  vein. 

The  general  operative  procedure  has  been  outlined  (5).  The  animals  were  anesthetized 
with  intravenously  injected  pentobarbital,  further  doses  of  pentobarbital  being  ad¬ 
ministered  as  required  to  keep  the  dog  in  a  state  of  deep  anesthesia  throughout  the 
experimental  jieriod.  The  femoral  artery  and  vein  in  the  left  groin  were  dissected  free. 
'I'he  distal  end  of  the  femoral  vein  was  ligated  and  i)roximate  cannulation  performed 
with  a  piece  of  polyvinyl  tubing  equipped  with  a  three-way  stopcock;  the  patency  of  the 
tubing  was  maintained  throughout  the  experiment  by  a  very  slow  infusion  of  0.9% 
saline  solution.  This  cannula  provided  a  convenient  means  for  the  administration  of  test 
substances  into  the  systemic  circulation.  Exposure  and  dissection  of  the  thyroid  gland 
were  made  by  a  longitudinal  midline  cervical  incision,  .\fter  retraction  of  the  sterno¬ 
cleidomastoid  and  strap  mu.scles,  the  venous  pattern  of  the  thyroid,  which  in  the  dog 
consists  of  2  discrete  lobi's,  was  studied  and  the  lobe  with  the  least  ])rominent  veins  was 
removed,  in  most  cases  the  arterial  supply  to  the  hemi-thyroid  was  provided  by  the 
sni)erior  thyroid  artery  which  was  in  close  proximity  to  a  small  superior  thyroid  vein. 
.Vt  the  inferior  pole  of  the  hemi-thyroid  a  single  thyroid  vein  (sometimes  bifid)  was 
present  which  drained  into  the  internal  jugular.  .\11  small  tributaries  into  the  inferior 
thyroid  vein  from  the  lower  lobe  of  the  thyroid  to  the  internal  jugular  vein  were  ligated. 
'I'he  internal  jugular  was  then  ligated  and  when  the  inferior  thyroid  vein  was  moderately 
r.i' tended  a  short  section  of  thin  |)olyvinyl  tubing  (R-D.  #442-T,  0.1).  0. 9(5.5  mm.;  I.l). 
0.58  mm.)  was  inserted  into  the  jugular  vein  and  advanced  cephalad  toward  the  in¬ 
ferior  thyroid  vein.  In  some  cases  the  final  position  of  the  cannula  tip  was  in  the  inferior 
thyroid  vein  while  in  others  the  tip  was  in  the  internal  jugular;  in  all  cases,  all  visible 
tributaries  to  the  internal  jugular  distal  to  its  ligation  were  ligated  and  divided,  'rhyroid 
venous  blood  samples  were  obtained  from  the  vein  by  very  gentle  traction  on  the  piston 
of  a  2  or  5  ml.  syringe  attached  to  the  hub  of  a  20  gauge  needle  threading  the  proximal 
end  of  the  plastic  cannula.  C'onsecutive  2  to  4  ml.  blood  samples  were  then  obtained 
from  the  thyroid  vein  throughout  the  remainder  of  the  experiment,  the  period  of  blood 
sampling  lasting  1  or  2  hours;  the  time  required  to  obtain  each  sample  was  recorded. 
.\rterial  blood  samples  were  obtained  intermittently  from  the  femoral  artery  by  needle 
aspiration;  the  arterial  samples  were  obtained  approximately  at  the  mid-point  of  the 
collection  period  for  the  corresponding  venous  sample.  Arterial  and  thyroid  venous 
blood  samples  were  collected  in  heparin-coated  syringes  (a  separate  syringe  being  used 
for  each  specimen)  and  were  transferred  to  12  ml.  graduated  eentrifuge  tubes  containing 
a  drop  of  lieparin  solution.  At  the  conclusion  of  the  expi'riment  the  remaining  thyroid 
lobe  was  removed  and  placed  in  a  vial  for  subsi'quent  determination  of  weight  and  radio¬ 
activity. 
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The  volume  of  each  blood  sainjile  was  measured,  and  after  eentrifuKation  the  packed 
cell  volume  recorded.  The  i)lasma  was  then  removed  and  alicpiots  (O.oO  or  1.0  ml.)  were 
l)laced  in  test  tubes  for  determination  of  total  plasma  radioactivity  in  a  well-crystal 
scintillation  detector.  The  samples  were  them  treated  with  8  ml.  10%  trichloroacetic 
acid  (TC’.\),  and  the  precipitate,  after  washing  with  TC.V  solution,  was  dissolved  in 
2  ml.  2N  NaOH.  When  solution  was  complete,  the  TC.\-precii)itable  I*’*  was  measured. 
Since  some  plasma  samples  showed  evidence  of  hemolysis,  2  or  3  drops  of  2.5%  thiourea 
solution  wen'  acUh'd  to  each  plasma  sample  before  TC.V  precipitation  in  order  to  mini¬ 
mize  the  sj)urious  increases  in  TCW-pn'cipitable  iodine  which  may  occur  when  lu'ino- 
globin-containing  solutions  are  aci<lified  (fi).  From  the  values  of  total  plasma  1''"  ami 
TC.\  i)recipital)le  1*’'  (PHI'^*)  the  d’C.\-solul)l('  P^*  or  “inorganic”  I'*'  was  obtained  l)y 
difference.  In  a  few  cases  TC’A-soluble  P^'  wjis  determined  in  an  aliquot  of  the  superna¬ 
tant  solution  from  the  TC'.V  i)recipitation,  and  the  values  agrei'd  well  with  those  derived 
by  difference.  An  appropriately  diluted  alicpiot  of  the  P’*  solution  administered  to  each 
dog  served  as  a  standard,  and  i)lasma  P’*  concentrations  were  e.xpressed  as  a  percentage 
of  the  dose  per  liter  of  plasma.  Stable  plasma  iodine  determinations  (PR I  and  total) 
were  performed  in  some  specimens  by  the  chloric  acid  methoil  (7,  8).  Thyroidal  ui)take 
of  P^‘  was  determined  by  measuring  the  radioactivity  of  the  excised  glands  under  the 
same  geometrical  conditions  as  an  alicpiot  of  the  tracer  dose.  Thyrotroihn  (.\rmour 
“Thytro|)ar”).  5  to  10  U.S.P.  units  in  5  ml.  .saline,  and  pota.ssium  perchlorate,  5  ml.  of  a 
2%  acpieous  solution,  were  given  by  intravenous  injection  via  the  femoral  vein  cannula; 
the  tinu'  recpiired  for  injection  of  each  substance  was  less  than  1  minute. 

The  8  e.\i)erimcnts  in  which  sufficient  time  elai)sed  between  P’*  administration  and 
oi)eration  to  ])ermit  appreciable  labelling  of  glandular  iodine  may  be  divided  into  2 
groups  of  4  experiments. 

Group  1.  TSH  alone,  or  before  perchlorate  (Exjx'riments  1-4).  The  effect  of  TSH 
upon  arterial  and  thyroid  venous  P’^  concentration  was  studied;  observations  were 
made  for  25  to  78  minutes  after  TSH  injection,  and  in  2  experiments  (Experiments  1 
and  4)  perchlorate  was  subsequently  given,  and  its  effects  upon  ])lasma  P^‘  concentration 
noted.  In  Experiment  4,  in  this  group,  TSH  was  given  before  the  neck  dissection  was 
completed  and  before  any  blood  samples  were  drawn  in  order  to  permit  a  longer  period 
of  action  of  TSH. 

Group  II.  Perchlorate  before  TSH.  The  four  animals  in  this  series  (animals  5-8) 
were  pretreated  with  i)erchlorate,  and  plasma  samples  were  obtained  before  and  aftc'r 
TSH  was  injected  (24  to  5()  minutes  after  perchlorate). 

RESULTS 

Some  of  the  results  of  the  TSH  experiments  in  groups  I  and  II  are  sum¬ 
marized  in  Tables  1  and  2.  In  all  experiments,  the  PBH**  concentration  in 
thyroid  venous  plasma  during  the  control  period  was  greater  than  that  in 
arterial  plasma  and  generally  the  venous  iodide'"^'  concentration  was 
slightly  less  than  the  arterial.  The  admini.stration  of  TSH  in  all  cases  but 
one  (experiment  2)  resulted  in  an  increase  in  the  concentration  of  iodide'^' 
in  thyroidal  venous  plasma,  so  that  this  value  exceeded  the  corresponding 
pre-TSH  value  or  the  simultaneous  arterial  value.  The  PBP®*  concentra¬ 
tion  of  thyroidal  venous  plasma  increased  as  a  consequence  of  TSH  injec¬ 
tion  in  every  case,  and  the  time  when  the  increments  of  venous  iodide*®' 
and  PBP®*  became  apparent  were  similar,  ranging  (6  experiments)  from 
18  to  34  minutes.  In  general  the  curves  relating  time  after  TSH  administra- 
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*  Plasma  I'**  concentrations  are  timse  existing  at  the  end  of  pt'tiod  (control.  TSH,  p<*rchlorate). 
t  A  —arterial  plasma:  V  =thyroid  venous  plasma:  V-A  a=thyroid  venous-arterial  plasma  concentration  difference, 
t  In  experiments  1  and  2  TSH  dtxsage  was  10  U.S.P.  units,  in  expt‘riments  3  and  4,  5  I’.S.P.  units.  1(K)  mp.  potassium 
|K*rchlorate  given  at  the  end  of  TSH  tM'riod  in  e\iK*riments  1  and  4. 


tion  and  changes  in  iodide'-^*  and  tended  to  be  similar  (Fis- 1).  In  Kx- 

periments  1  and  d  of  group  I,  20  and  .‘14  minutes  respectively,  elapsed  be¬ 
tween  TSH  injection  and  distinct  increase  in  thyroid  venous  iodide*^*  con¬ 
centration,  and  in  experiments  o-S  of  group  II  these  values  were  dl,  3:i,  :I0 
and  1<S  minutes.  The  experimental  conditions  were  such  that  the  time 
elapsing  between  TSH  injection  and  distinct  changes  in  plasma  iodide'^' 
and  PBI'*‘  concentrations  is  probably  greater  than  the  true  value.  Since 


Table  2.  (!r(iup  II  experiments.  Kffects  of  TSH  on  arterial  and  thyroid  venofs 
PLASMA  I*’*  concentration;  DOOS  PRE-TREATEI)  with  perchlorate 
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*  Rl  *(V-A)  for  Iodide^**  at  end  of  TSH  period/(V-A)  at  end  of  perchlorate  period, 
t  RpBl  *(V-A)  for  PBI^i  at  end  of  TSH  period/(V-A)  at  end  of  perchlorate  period. 
Potassium  perchlorate  dosage:  100  mg,  in  each  experiment. 

TSH  dosage,  5  units  in  each  experiment,  except  No.  5,  10  units. 
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the  time  noted  included  the  entire  time  re(iiiired  to  draw  the  particular 
sample  showinfi:  the  increment  and  since  the  time  needed  to  obtain  a  sin{2;le 
sample  was  sometimes  lo  minutes  or  longer,  the  increment  mi};ht  have 
been  detectable  sooner  had  smaller  and  more  frecpient  blood  samj)les  b(>en 
taken.  The  latent  jM'iiods  for  TSH-induc(‘d  increments  in  Plil'’*'  in  thy¬ 
roidal  venous  plasma  aKre(*  well  with  those  of  Ackerman  and  Arons  (d)  ob¬ 
tained  by  a  similar  techni(pie  in  the  dog  and  are  longer  than  those  noted  by 
Sodeberg  in  the  rabbit  (4).  The  effect  of  TSII  on  enhancing  the  venous  con¬ 
centration  of  iodide'-*'  persisted  for  at  least  1  hour.  This  was  shown  in  an 
experiment  (Table  1,  Kxpt.  4)  in  which  the  venous  iodide"*'  concentration 
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Fig.  1.  Effect  (if  tliyrotropin  on  arterial  and  thyroid  venous  jilasina  eoneentration  of 
inorfianie  and  jirotein-hound  iodine. 

In  tliis  and  tlie  reinainiiif!;  tiffiires.  solid  lines  (oi)en  circles)  represc'nt  thyroid  venous 
plasma,  broken  lines  (solid  circles)  indicate  arterial  plasma.  The  time  of  intravenous 
injection  of  desitenated  substances  is  shown  by  arrows. 

-Vrti'rial  and  thyroid  venous  ])lasma  eoneentrations  of  PHI’-''*  are  shown  in  the  upiier 
panel  and  of  inornanie  I'"  in  the  lower  ])anel.  The  numerals  about  tin'  points  indicating 
values  are  the  values  for  the  plasma  eoneentrations  (mh./HHI  ml.)  of  PHI'-'  (upper 
panel)  and  inorsanie  iodide'-"  (lower  jianel)  in  the  eorres))ondin}i  saniides. 

The  animal  (experiment  1)  has  been  injected  with  a  tracer  dose  of  1'^'  o  days  before 
blood  samples  were  obtained,  the  glandular  uptake  bi'infj;  41%.  Injection  of  TSH  (lOu.) 
was  promptly  followed  by  increases  iu  the  concentration  of  'r(\\.-i)recipitable  and  TC.\- 
soluble  1'®'  and  P''^  in  thyroidal  venous  plasma,  .\dministration  of  potassium  i)crchlorate 
(100  mg.)  and  later  of  sodium  iodide  (1  gm.)  led  to  further  liberation  of  iodide  into 
thyroid  venous  plasma. 
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was  nearly  o  times  greater  than  the  arterial  value  1  hour  after  TSII  injec¬ 
tion,  under  conditions  where  the  pre-TSH  venous  iodide*-^',  although  not 
measured,  would  not  have  been  expected  to  exceed  the  arterial  iodide'^' 
concentrations;  the  effect  persisted  through  the  subsequent  perchlorate 
period  (42  minutes). 

Of  the  4  experiments  in  group  I  (TSII  effects  in  animals  not  pretreated 
with  perchlorate)  an  absolute  increase  in  thyroidal  venous  iodide'’’^  con¬ 
centration  was  observed  following  TSII  administration  in  .4  cases.  In  the 
remaining  experiment  (no.  2)  the  response  was  very  small,  despite  the  fact 
that  thyroid  venous  PBI'®'  concentration  was  greater  than  the  arterial 
value  and  displayed  a  slight  increase  after  TSII,  showing  that  the  cannula 
was  draining  the  thyroid  venous  outflow  and  that  the  gland  was  secreting 
organic  iodine.  The  thyroidal  venous  iodide'-'”  concentration  actually  fell 
from  1.48%  to  1.2S%  do.se  1.  However,  because  the  arterial  iodide''”  con¬ 
centration  fell  during  the  TSII  period,  there  was  actually  a  very  slight  in¬ 
crement  of  venous  iodide'-”  concentration  after  TSII  in  the  .sense  that  the 
arterio-venous  iodide'”  concentration  difference  became  somewhat  less 
negative. 

An  experiment  in  group  I  is  shown  in  Figure  1  (Experiment  1)  illustrating 
the  effect  of  TSII  in  inducing  a  prompt  increase  in  both  venous  inorganic 
and  protein-bound  I'”  (the  latter,  in  this  case,  being  detectable  somewhat 
earlier  than  the  former) ;  also  shown  are  the  generally  parallel  nature  of  the 
increase  in  FBI'”  and  iodide'”  concentrations  in  blood  leaving  the  gland 
and  the  effect  of  perchlorate  on  enhancing  the  increase  in  venous  iodide'”, 
as  shown  by  the  increased  slope  of  the  venous  iodide'”  curve  after  per¬ 
chlorate.  Twenty-nine  minutes  after  TSII  injection,  the  thyroid  venou.s- 
arterial  plasma  concentration  difference  for  iodide'”  had  changed  from  a 
negative  value  indicating  net  glandular  accumulation  of  iodide'”  to  a  posi¬ 
tive  value  indicating  net  loss  of  iodide'”  from  the  gland,  and  within  24 
minutes  after  perchlorate  administration,  this  value  had  increa.sed  nearly 
()-fold.  The  release  of  FBI'”  from  the  gland  was  greatly  enhanced  after 
TSII  administration,  as  shown  by  the  lO-fold  increa.se  in  the  veno-arterial 
FBI'S'  concentration  difference  in  the  58-minute  period  after  TSII.  The 
percentage  increase  in  glandular  release  of  iodide'®'  during  the  perchlorate 
period  was  nearly  8  times  the  corresponding  value  for  FBI'®'.  The  admini.s- 
tration  of  a  large  quantity  of  .sodium  iodide  evoked  a  further  discharge  of 
inorganic  I'”  from  the  gland,  while  the  rate  of  FBI'®'  .secretion  failed  to  in- 
crea.se.  F'igure  1  also  shows  that  stable  iodine  respon.ses  to  TSII  and  per¬ 
chlorate  tended  to  parallel  the  I'”  values.  The  relative  constancy  of  the 
arterial  labelled  and  .stable  inorganic  iodide  and  FBI  values  shown  in 
Figure  1  was  a  feature  common  to  all  the  experiments. 

The  apparent  enhancing  effect  of  perchlorate  on  the  TSH-induced  thy¬ 
roidal  iodide  discharge  noted  in  experiment  1  was  also  noted  in  experiment 
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4,  where  perchlorate  injection  was  followed  by  a  nearly  2-fold  increase  in 
veno-arterial  iodide  difference,  as  compared  with  the  value  at  the  end  of  the 
period  of  TSH  alone,  although  there  was  a  slight  decrease  in  the 
secretion. 

In  the  group  II  studies  potassium  perchlorate  (100  mg.)  was  injected  24 
to  56  minutes  before  giving  TSH  so  as  to  inhibit  the  iodide  concentrating 
mechanism  of  the  gland.  It  was  thought  that  if  active  glandular  accumula¬ 
tion  of  circulating  iodide  were  thus  prevented,  the  release  of  iodide'’’*  from 
the  gland  induced  by  TSH  not  only  might  be  more  readily  detected  but 
also  might  be  of  greater  magnitude  than  if  the  iodide  concentrating  mech¬ 
anism  were  operating.  In  all  4  experiments  (Table  2)  the  venous  iodide*’’* 
concentrations  at  the  end  of  the  perchlorate  period  were  greater  than  the 
.simultaneous  arterial  values;  the  venou.s-arterial  iodide*®*  concentration 
differences  averaged  26%  of  the  arterial  values.  The  injection  of  thy¬ 
rotropin  then  produced  in  each  case  prompt  and  progressive  rises  in  the 
venous  iodide*®*  concentration,  so  that  at  the  end  of  the  TSH  period 
(which  ranged  between  30  and  90  minutes)  the  veno-arterial  concentration 
differences  were  3  to  50  times  greater  than  those  at  the  beginning  of  the 
period.  The  increa.ses  in  the  concentration  of  PBI*®*  were  of  comparable 
magnitude;  however,  the  thyroid  veno-arterial  concentration  differences 
for  PBI*®*  at  the  end  of  the  TSH  period  as  compared  with  those  at  the 
beginning  were  proportionally  slightly  less  than  the  corresponding  values 
for  iodide*®*  (columns  Bi  and  Bpbi,  Table  2).  By  contrast,  in  the  experi¬ 
ments  in  group  I  (no  perchlorate  pre-treatment)  the  PBI*®*  respon.se  to 
TSH  was  proportionately  greater  than  the  iodide*®*  response. 

Figure  2  shows  an  experiment  in  group  II  (no.  8).  It  illustrates  a  difference 
between  the  perchlorate-induced  increase  in  thyroid  venous  iodide*®*  con¬ 
centration  and  that  following  TSH  injection.  After  perchlorate  alone  the 
venous  iodide*®*  concentration  promptly  rose  to  exceed  the  arterial  value 
and  remained  above  the  arterial  value  in  a  plateau-like  fashion  or  fell  some¬ 
what  throughout  the  remainder  of  the  perchlorate  period.  By  contrast, 
TSH  induced  a  further  increa.se  in  venous  iodide*®*  concentrations  which 
was  not  only  of  greater  magnitude  but  increased  progressively.  The  parallel 
time  cour.ses  of  the  PBI*®*  and  inorganic  iodide-I*®*  increments  are  also 
shown  in  Figure  2. 

The  possibility  of  an  earh'  effect  of  TSH  upon  thyroidal  iodine  accumula¬ 
tion  was  studied  by  measuring  the  arterio-venous  iodide-I*®*  concentration 
differences  in  a  single  dog  injected  with  a  tracer  do.se  2  hours  before  the 
first  blood  samples  were  drawn.  In  a  40-minute  period  after  administration 
of  TSH  (10  U.S.P.  units)  no  tendency  for  the  large  arterio-venous  iodide*®* 
differences  to  increase  was  observed,  and,  indeed,  there  was  a  slight  de¬ 
crease  of  the  A-V  difference  (Fig.  3).  Since  the  blood  flow  did  not  change 
appreciably  during  this  period,  this  result  was  consistent  wdth  the  generally 
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Fig.  2.  I^fTcct  of  tliyrotropin  in  (lo}!:  iirrtrcatcd  witli  pcrclilorato.  'I'lic  tracer  dose  was 
ftiven  5  days  ladore  tlie  blood  sainjiles  were  obtained,  at  a  tiiiu*  wluai  urandular  aeeunui- 
lation  was  15%  (exiK'riineiit  S).  Injeetion  of  iiotassiuni  perchlorate  (100  in}>:.)  led  to 
reversal  of  the  iiositivi*  arterio-thyroid  viaious  iodide''"  difference.  Tin*  injection  of  'PSH 
(5  u.)  was  followed  by  a  sustained  release  from  the  thyroid  of  T('.\-preeipitable  and 
TC.\-solubh‘  iodine.  Stabh“  iodine  concentrations  (jufi.  100  ml.)  are  indicated  by  nu- 
mi'rals  about  the  corresponding  I'”  jioints.  Increases  in  the  concentration  of  iodide'” 
and  were  ajiparent  in  the  first  thyroid  venous  blood  samples  obtained  after  TSH 

injection. 

accepted  view  that  TSH  effects  release  of  tliyroidal  iodine  Itefore  changes 
in  the  glandular  accumulation  of  iodine  are  apparent. 

Xature  of  (he  TCA-solubIc  /'*'  increment.  It  is  generally  believed  that  in 
systemic  plasma  the  TCA-soluble  iodine  is  inorganic  iodide.  Two  oh.serva- 
tions  suggested  that  the  TCA-soluble  I'*'  in  thyroidal  venous  plasma  sam¬ 
ples  obtained  after  TSH  administration  also  was  largely  inorganic  iodide. 

(1)  Anion-exchange  resin  behavior.  The  fraction  of  the  total  which 
was  TCA-precipitable  was  compared  with  the  value  for  the  proportion  of 
the  thyroidal  venous  plasma  P^'  which  was  not  retained  by  a  column  of  the 
anion-exchange  resin  IH  A-400  (acetate  form).  P^*  not  adsorbed  by  the 
resin  was  determined  in  several  instances  by  measuring  the  radioactivity 
of  an  aliquot  of  the  effluent  from  a  plasma  sample  placed  on  the  column  and 
washed  through  with  saline.  The  agreement  between  the  percentage  of 
TCA-precipitable  P®^  and  the  percentage  of  the  P®^  emerging  from  the 
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coluniii  was  }>;()od;  for  example,  in  a  thyroid  venous  plasma  samj)le  obtained 
late  in  the  TSH  period  of  experiment  7,  b‘ho%  of  the  was  TCA-pre- 
cipitable  and  14.9%  was  not  retained  by  the  column. 

(2)  Behavior  of  T(’A-soluble  I'’*'  in  acid-iodide-iodate  .solution.  The 
.supernatant  solution  from  the  TCA  precipitation  of  2  thyroid  venous 
plasma  samples  (the  last  2  venous  samples  in  experiment  S)  was  extracted 
with  ether  to  remove  T('.\,  the  acpieous  phase  was  then  acidified  with 
11(4,  and  pota.ssium  iodide  and  iodale  were  added.  .Vfter  a  single  extraction 
of  this  .solution  with  an  e{|uat  volume  of  chloroform,  94%  of  the  I'-'’*  was 
found  in  the  chloroform  phase.  This  suggested  that  the  I'"”  had  been  almost 
completely  oxidized  to  iodine  and  hence  that  the  TC.V-soluble  1''^‘  was 
largely  inorganic  iodide. 


Fig.  3.  Effect  of  tliyrotroj)!!!  on  i)lasiua  concentration  of  arterial  and  tliyroid  venous 
iodide'”'.  'I'lie  exiH'rinu'ntal  animal  received  the  tracer  dose  of  I'-’*  2  hours  before  the 
l)lood  samples  were  obtained.  Ordinates  rejm'sent  total  plasma  1'’*  coneentration;  T(’A- 
pr(‘cii)itable  1'”  accounted  for  only  a  small  fraction  of  the  total  1*’*  in  both  arterial  and 
venous  samples.  The  administration  of  TSH  produeed  no  change  in  thyroidal  venous 
!'■"  concentration;  since  arterial  I'”  declined  slightly  during  the  experimental  period,  a 
slight  decrease  in  the  .\-V  difference  for  plasma  iodide  oceurred.  Injection  of  potassium 
iodide  (84  mg.)  effected  appreciable  release  or  “wash-out”  of  I'’*  into  the  thyroid  vein. 


Stable  iodine.  Chemical  determination  of  plasma  iodine  (total  iodine  and 
PHI,  “inorganic”  iodide  by  difference)  in  many  of  the  .samples  of  arterial 
and  of  thyroid  venous  blood  was  performed  (Table  3).  In  general,  as 
.shown  in  Figures  1  and  2,  as  well  as  in  Table  II,  the  values  for  stable  iodide 
and  PHI  tended  to  show  changes  in  the  same  direction  as  the  values. 
I'hus,  in  experiment  1  the  concentration  of  stable  inorganic  iodide  in  thy¬ 
roid  venous  plasma  increa.sed  8-fold  29  minutes  after  injection  of  TSH  and 
the  venous  PBI  increased  approximately  o-fold  while  the  corresponding 
arterial  values  changed  little  during  the  experiment.  Surprisingly  large  in- 
f^-reases  in  the  concentration  of  stable  iodide  in  the  thyroid  venous  plasma 
were  sometimes  observed  after  TSH  administration,  as  in  experiment  8, 
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Plasma  iodinr  conci'ntration  (mR.  !nl.)t 


Inorfranic  iodide 

I’Bl 

Oroup  I  — Kxp.  1 

C'ontrol 

TSH 

Beiehlorate 

('ontrol 

TSH 

Perchlorate 

1  A 

0.7 (73) 

1.0(50) 

1.2(47) 

1.5(40) 

1.0(67) 

1.0(61) 

v 

1.0 

1.2 

8.0 

2.3 

3.6 

7.6 

(Y-A) 

0.3 

0,2  (27) 

6.8(51) 

0.8(148) 

2.6  (70) 

6.6  (70) 

4  A 

_ 

2.0(15) 

2.5(14) 

_ 

0.5(54) 

0.5(48) 

v 

— 

7.6 

7.2 

— 

5.4 

6.0 

(V-A)  I 

5.6(21) 

4 . 7  (48) 

4.0  (67) 

5.5  (48) 

(iroup  II — Kxp.  1 

i  C'ontrol 

IVrehlorate 

TSH 

Control 

perchlorate 

TSH 

5  A 

.5. 0(7. 2) 

6.2 (8.4) 

5.8 (8.3) 

1  2.0(4) 

1 .4  (5) 

1.6(5) 

v 

11.4 

13.4 

— 

1  8.6 

7.8 

(V-A> 

7  A 

6.4 

7.2(1 .0) 

5.5(25) 

6.0  (25) 

6. 6(2. fit 

1  _ 

6. 4(1. 4) 

1.3  (4. 6) 

1 .3  (4.6) 

\' 

— 

6.5 

25.6 

5.8 

17.2 

(V-A) 

8  A 

1.4 (17) 

1.0(32) 

1.5(18) 

10.6  (8.5) 

2.4  (11) 

2.2 (7.7) 

4.5 (3.1) 

2.1 (6.7) 

15.0  (3.4) 

2.1 (7.2) 

V 

3.7 

57 

2.3 

2  1 

11.0 

(V-A) 

!  2.3 

2.2  (.2.7) 

54.6 (5.0) 

1  0.1(40) 

(1 

8.0(34) 

*  The  values  of  specific  activity  of  arterial  iodide  and  PBI  and  of  the  iodide  and  1*BI  released  by  the  eland  (tic* 
V-A  difference)  are  in  parentheses,  and  are  expressed  as  */J  dose  p<*r  me.  iodine. 

t  Plasma  iodine  concentrations  are  those  obs  Tved  at  the  end  of  the  correspondine  exp«*nmental  periods. 


in  which  the  veno-arterial  (V-A)  concentration  difference  for  iodide  at 
the  end  of  the  TSH  period  was  .54,0  u^./lOO  ml.,  greatly  exceeding  the 
corresponding  V-A  value  for  PBP-"  (Table  3).  An  unexpected  finding  was 
that  the  concentration  of  stable  iodide  in  thyroid  venous  plasma  during 
control  periods  before  perchlorate  ^  ‘  .SH  administration  might  be  greater 

than  the  arterial  value  (Experiment.-,  8).  Since  the  corresponding  P’' 
values  tended  to  show  either  a  positive  or  no  arterio-venous  difference,  this 
suggested  the  possibility  of  thyroid  release  of  iodide  of  specific  activity 
lower  than  that  of  the  arterial  iodide.  Calculation  from  the  stable  and 
radioactive  iodine  data  of  the  specific  activities  of  the  veno-arterial  differ¬ 
ences  of  PBI  and  inorganic  I  did  not  lead  to  consistent  results  but  certain 
observations  seemed  of  interest  (Table  3),  Thus,  the  specific  activity  of  the 
iodide  released  from  the  gland  (V-A,  iodide)  after  administration  of  TSH 
and  perchlorate  tended  to  resemble  the  specific  activity  of  the  PBI  incre¬ 
ment  (V-A,  PBI),  both  in  value  and  in  direction  of  change  from  the  arterial 
iodide  and  PBI  specific  activity  (Experiments  1,  4,  7);  the  notable  excep¬ 
tion  was  experiment  8,  where  the  specific  activity  of  the  venous  iodide  in¬ 
crement  after  TSII  injection  was  onlv  one-sixth  that  of  the  PBI  increment, 
the  disparity  being  perhaps  entirely  accounted  for  by  the  unusually  high 
specific  activity  of  the  PBI,  since  a  rather  small  secretion  of  PBP^'  oc¬ 
curred  after  TSH  as  compared  with  PBP®'.  Another  interesting  feature  is 
that  in  one  experiment  (no.  4)  the  iodide  released  from  the  gland  after  TSH 
was  of  higher  specific  activity  than  the  arterial  iodide. 

iMany  biologic  factors  could  affect  the  specific  activity  of  the  thyroidal 
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secretory  products,  such  as  the  iodine  content  of  tlie  gland,  the  previous 
diet,  the  degree  of  glandular  activity,  the  plasma  iodide  concentration  and 
possibl}’  variations  in  the  proportion  of  thyroxine  and  triiodothyronine 
secreted,  both  amino  acids  having  been  detected  in  the  thyroid  venous 
plasma  of  several  animal  species  (9);  in  addition,  the  analytic  error  in 
estimating  the  inorganic  stable  iodide  (and  hence  specific  activity)  from  a 
small  difference  between  total  iodine  and  PBI  may  also  contribute  to  the 
difficulty  in  interpreting  the  specific  activity  data. 

Blood  flow.  Idle  values  for  blood  flow  recorded  in  Tables  1  and  2  repre¬ 
sent  the  average  value  in  each  experiment  of  the  thyroid  venous  blood  col¬ 
lected  per  minute;  the  range  was  between  0.22  and  0.73  ml.  niin.  Although 
this  undoubtedly  did  not  represent  the  entire  venous  outflow  from  the 
hemithyroid  it  did  provide  some  indication,  in  successive  samples,  of  the 
constancy  of  flow.  Variations  in  flow  were  encountered  but  they  were  small 
compared  to  the  effects  induced  by  TSII  upon  the  concentration  of  iodide’^' 
and  PBP**.  When  a  decrease  in  thyroitl  venous  blood  flow  occurred  during 
the  experiment,  the  veno-arterial  concentration  differences  for  both  PBP^' 
and  iodide'*^  tended  to  increase,  a  finding  .supporting  Sodeberg’s  ob.serva- 
tion  that  the  rate  of  hormonal  secretion  is  independent  of  blood  flow  (4). 
No  definite  early  effect  of  TSII  on  thyroid  blood  flow  was  noted.  Assuming 
that  the  blood  flows  re(*orded  in  Tables  1  and  2  were  complete  flows,  that 
the  hematocrit  was  ")()%  and  that  the  average  veno-arterial  iodide'®^  con¬ 
centration  difference  throughout  the  TSH-perchlorate  period  was  one-half 
the  value  at  the  end  of  the  period,  one  may  calculate  that  in  experiment  1, 
0.03S%  of  the  dose  was  secreted  per  houi-  as  iodide'®'  during  the  TSH 
period,  and  0.0.51%  as  PBI'®';  this  corresponds  to  0.2.5%  and  0.33% 
of  the  hemi-glandular  P®'  secreted  as  iodide'®'  and  PBI'®'  per  hour,  differ¬ 
ences  which  would  be  very  difficult  to  detect  by  external  counting  tech- 
ni(jues. 

DISCUSSION' 

The  results  .suggest  that  the  administration  of  TSII  led  to  a  prompt  re¬ 
lease  from  the  thyroid  not  only  of  hormonal  iodine  but  also  of  inorganic 
iodide.  The  magnitude  and  the  time-course  of  the  two  were  comparable, 
and  changes  in  PBI  and  inorganic  iodide  concentrations  were  apparent 
within  30  minutes.  The  iodide  released  from  the  gland  in  response  to  TSH 
is  probably  iodine  which  has  been  previously  organically  bound. 

It  is  unlikely  that  iodide  newly  entering  the  thyroid  from  the  circulation 
could  contribute  greatly  to  the  glandular  secretion  of  iodide  induced  by 
thyrotropin.  In  studies  of  A-V  iodide  differences  of  the  unblocked,  un¬ 
stimulated  gland  the  response  to  the  administration  of  perchlorate  indi¬ 
cated  that  relatively  little  iodide  newly  entered  from  the  blood  was  present 
within  the  gland  (5).  When  glandular  iodine  was  minimally  labelled,  the 
administration  of  TSII  had  little  early  effect  on  the  net  thyroidal  accumu- 
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latioii  of  plasma  iodide,  as  judged  by  the  abseiiee  of  appreciable  change  in 
the  arterio-thyroid  venous  iodide'-^'  difference  during  a  40-niinute  period 
after  TSH  injection,  while  a  prompt  release  of  labelled  iodide  occurred  in 
similar  experiments  in  which  the  iodine  in  the  gland  had  been  labelled. 

Although  administered  TSH  did  not  lead  to  a  prompt  increase  in  glandu¬ 
lar  accumulation  of  plasma  iodide,  it  is  conceivable  that  the  observed  effect 
on  glandular  release  of  iodide  might  result  from  a  temporary  impairment 
of  organic  binding  of  iodide  by  TSH.  If  this  were  so,  and  organic  binding 
were  the  rate-determining  step  in  hormone  .synthesis,  the  injection  of  per¬ 
chlorate  might  then  lead  to  glandular  expulsion  of  an  appreciable  (plant ity 
of  newly-entered  iodide,  as  has  been  seen  in  experimental  situations  where 
organic  binding  has  been  impaired  by  anti-thyroid  drugs,  such  as  propyl¬ 
thiouracil  (10).  However,  the  hypothe.sis  that  TSH  might  exert  a  tempo¬ 
rary  inhibitory  effect  on  organic  binding  .seems  unlikely  for  .several  reasons, 
(a)  The  release  of  labelled  iodide  from  the  gland  consequent  to  TSH  injec¬ 
tion  was  detectable  even  in  the  ab.sence  of  perchlorate,  (b)  When  net 
glandular  accumulation  of  iodide'^*  from  the  plasma  was  prevented  by  pre¬ 
treating  the  dogs  with  perchlorate  (group  II  experiments)  the  intragland- 
ular  content  of  newly-entered  iodide  must  have  been  small;  yet  such  pre¬ 
treatment  did  not  prevent  release  of  iodide  when  TSH  was  given,  (c)  In  at 
least  one  experiment  (#4),  the  iodide  liberated  from  the  gland  after  TSH 
injection  was  of  higher  specific  activity  than  the  arterial  iodide,  so  that 
even  if  the  latter  had  contributed  to  the  iodide  released  there  must  have 
been  a  contribution  from  another  intraglandular  .source  as  well. 

The.se  considerations  thus  suggest  that  the  iodide  which  left  the  gland 
when  TSH  was  given  originated  within  the  gland.  The  pattern  of  di.s- 
charge  of  labelled  iodide  after  TSH  administration  was  one  of  progre.ssive 
increa.se  in  the  venous  iodide  concentration  rather  than  of  abrupt  libera¬ 
tion  of  iodide  such  as  might  be  expected  if  diffusion  of  a  (piantity  of  glandu¬ 
lar  iodine  into  the  venous  circulation  were  suddenly  permitted  to  occur. 
The  release  pattern  ob.served  thus  did  not  re.semble  the  exponential  dis¬ 
charge  of  labelled  iodine  that  has  been  encountered  both  by  external 
counting  techniciues  in  man  (11)  and  by  thyroid  venous  measurements  in 
the  dog  (12)  when  organic  binding  was  inhibited  before  perchlorate  or 
thiocyanate  was  given.  It  seems  likely  from  the  character  of  the  iodide 
release  curve  that  TSH  led  to  the  production  of  an  increased  quantity  of 
inorganic  iodide  within  the  gland  from  an  organic  iodine  precursor,  rather 
than  that  TSH  had  the  effect  of  facilitating  diffusion  from  an  intrathy- 
roidal  compartment  of  preformed  iodide.  There  is  a  suggestion  from  the 
present  studies  that  the  iodide-trapping  mechanism  of  the  gland  may  lead 
to  some  retention  of  the  iodide  formed  within  the  gland  since  larger  in¬ 
crements  of  thyroidal  venous  iodide  were  found  when  perchlorate  was 
given  after  TSH  had  been  injected  than  with  TSH  alone. 

A  number  of  published  observations  support,  or  are  at  least  consistent 
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with,  the  view  tliat  thyrotropin  may  lead  to  an  enhanced  release  of  iodide 
from  the  thyroid  gland.  Stanhnry  and  associates  studied  endemic,  iodine- 
deficient  goiter,  a  condition  in  which  it  is  probable  that  the  thyroid  is 
greatly  stimulated  l)y  endogenous  TSH;  when  organic  binding  of  iodine 
was  blocked  by  administering  antithyroid  drug  to  goitrous  subjects  whose 
glands  had  previously  been  labelled  with  I*'*',  there  was  an  increase  in  the 
urinary  excretion  of  iodine  which  was  larger  than  could  be  explained  on 
the  basis  of  a  block  to  the  re-utilization  of  iodide  formed  from  peripheral 
degradation  of  hormone.  Thej'  suggested  that  the  intraglandular  deiodina- 
tion  of  organic  iodine  compounds  might  be  the  source  of  the  extra  urinary 
iodine  (13).  Becker  and  co-workers  (14)  observed  that  the  urinary  excre¬ 
tion  of  labelled  iodide  rose  appreciably  within  24  hours  of  the  administra¬ 
tion  of  TSH  to  euthyroid  and  hyperthyroid  subjects  who  had  received  a 
tracer  do.se  of  B®'  and  who  were  then  given  thiocyanate  to  prevent  further 
accumulation  of  iodide.  They  observed  that  the  increased  urinary  iodine''” 
excretion  could  not  be  explained  solely  on  the  ba.sis  of  degradation  of 
labelled  circulating  hormone  and  suggested  that  the  excess  urinary  iodine 
might  reflect  a  TSH-induced  increase  in  the  serum  concentration  of  an 
iodine-containing  compound  which  was  rapidly  cleared  by  the  kidney. 
The  enhancing  effect  of  TSH  on  urinary  excretion  in  persons  in  whom 
the  thyroid  gland  has  been,  previously  isotopically  lal^elled  has  been  con¬ 
firmed  in  this  laboratory  in  several  euthyroid  and  one  hyperthyroid  sul)- 
ject;  additional  ob.servations  have  shown  that  the  enhanced  urinary  ex¬ 
cretion  can  be  demonstrated  within  (i  hours  of  the  intramuscular  adminis¬ 
tration  of  TSH  (15).  Recently,  Deiss  and  a.ssociates  have  .studied  the  ef¬ 
fects  of  TSH  on  the  rate  of  disappearance  of  plasma  iodide'®'  from  the 
systemic  circulation  and  have  obtained  results  consistent  with  the  view 
that  an  early  effect  of  TSH  is  stimulation  of  the  discharge  of  iodide  from 
the  gland  (Iff).  Halmi  (17)  noted  that  the  thyroid/serum  iodide'®'  con¬ 
centration  ratio  decrea.sed  within  a  few  hours  after  TSH  administration 
in  the  hypophy.sectomized  rat,  and  .suggested  as  a  po.ssible  explanation  the 
release  of  iodide  from  deiodination  of  iodotyrosines  released  during  TSH- 
induced  hormonal  secretion.  Adams  and  Purves  (18)  have  stated  that  the 
increa.se  in  plasma  I'®'  concentration  observed  three  hours  after  TSH  ad¬ 
ministration  to  guinea  pigs  whose  glandular  iodine  has  been  labelled  is  due 
not  only  to  an  increa.se  in  PBI'®'  but  al.so  in  TCA-soluble  P®'. 

The  possible  existence  of  a  small  “second”  pool  of  iodide  within  the 
thyroid  gland  has  been  suggested  by  Hickey  and  Brownell  (19)  as  an 
explanation  for  unexpectedly  high  urinary  P®‘  excretion  values  ob.served 
during  the  first  and  second  weeks  after  P®'  administration  in  man.  Slinger- 
land  and  his  a.ssociates  (20)  have  also  indicated  that  significant  quantities 
of  iodide  may  be  .secreted  from  the  thyroid  gland.  Xadler  and  Leblond  (21) 
have  claimed  that  some  iodide  leaves  the  thyroid  gland  in  the  rat,  and 
that  50%  of  the  iodide  .so  released  may  be  derived  from  deiodination 
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reactions  in  the  ^Studies  in  this  laboratory  of  the  iodide**^  concentra¬ 

tion  in  arterial  and  thyroid  venous  plasma  of  the  dog  have  also  indicated 
the  presence  within  the  gland  of  iodide  which  had  not  newly  entered  from 
the  circulation;  this  iodide,  presumably  derived  from  an  intraglandular 
organic  precursor,  was  released  from  the  gland  when  the  mechanism  for 
maintaining  a  thyroid-plasma  iodide  concentration  gradient  was  rendered 
inoperative  by  administering  perchlorate  (o). 

The  precursor  or  source  of  the  iodide  which  appears  within  the  thyroid 
gland  and  is  discharged  into  thyroidal  venous  blood  in  response  to  the 
administration  of  TSH  is  not  known.  It  seems  reasonable  that  the  iodide 
may  be  derived  from  deiodination  of  thyroidal  organic  iodine  compounds, 
since  the  occurrence  of  deiodinating  enzymes  within  the  gland  is  well  known 
(22),  and  particularly  since  thyroidal  dehalogenase  activity  is  said  to  be 
enhanced  by  TSH  administration  (23).  This  view  is  compatible  with  the 
observations  that  in  the  gland  whose  iodine  stores  were  unlabelled,  no 
evidence  of  TSH-induced  release  of  labelled  iodide  was  apparent,  while 
.such  release  was  observed  when  organic  binding  of  labelled  iodine  had  been 
appreciable,  and  also  with  the  observations  that  the  specific  activity  of  the 
iodide  and  PHI  increments  were  often  comparable.  Whether  the  enhanced 
hormonal  secretion  and  relea.se  of  iodide  are  independent  effects  of  TSH 
which  occur  pari  passu  or  whether  one  or  the  other  is  the  primary  effect  of 
TSH  and  the  other  a  consecjuence  is  not  clear.  It  is  also  not  known  whether 
the  iodide  which  appears  within  the  gland  and  is  released  under  the  in¬ 
fluence  of  TSH  and  perchlorate  is  freely  miscible  with  iodide  entering 
the  gland  from  the  plasma  or  whether  it  enters  a  separate  iodide  pool. 

The  physiological  implications  of  the  relea.se  of  iodide  from  the  thyroid 
as  a  respon.se  to  TSH  remain  to  be  explored,  as  well  as  the  duration  of  the 
effect  and  its  relationship  to  the  well-known  later  effect  of  TSH  on  en¬ 
hancing  thyroidal  accumulation  of  iodine.  The  demonstration  that  iodide 
release  can  occur  may  affect  the  validity  of  certain  a.ssumptions  that  are 
.sometimes  made  for  example,  that  thyroidal  release  of  may  be 
ecjuated  with  hormonal  secretion,  and  that  the  specific  activity  of  intra¬ 
glandular  iodide  and  of  plasma  iodide  are  equal.  The  re.sults  strongly 
support  the  views  of  Roche  and  Michel  (22)  that  intraglandular  deiodina.se 
mechanisms  may  be  physiologically  important. 
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ADRKXAL  (H)RTI(’AL  AND  MEDULLARY  RESPONSES  TO 
TRAUMA  IN  DOGS  WITH  ISOLATED  PITUITARIES' 

HICHARI)  IL  KGDAHL^ 

!)( (xirtnicnt  of  Surgcrij,  Medical  College  of  Virginia,  Kiclnnond,  Virginia 
ABSTRACT 

The  adrenal  venous  output  of  IT-liydroxyeortieosteroids  and  eateeliol 
amines  was  measured  in  tlie  basal  state  and  followiiiR  burn  trauma  in  a  series 
(»f  dogs  with  their  brains  remove<l.  Tin*  brain  above  the  inferior  eollieulus 
was  removed,  leaving  the  i)ituitary  in  situ.  For  as  long  as  five  days  after  brain 
removal,  sueh  animals  revealed  high  resting  levcds  of  eortieoids  ami  two-thirds 
of  the  animals  resjromh'd  to  burn  trauma  with  inereased  outi)uts  of  eortico- 
steroi<ls.  Low  resting  levels  of  eateehol  amine  output  were  observed  in  the  dogs 
with  isolatc'd  pituitaries,  with  normal  inereased  response*  following  burns. 

WE  ARE  preseiith-  passing  through  wliat  might  be  called  the  era  of 
“centers”  in  the  field  of  neuroendocrinology.  A  large  and  convincing 
literature  confirms  the  original  observations  of  Hume  (1)  and  Harris  (2) 
with  regard  to  the  importance  of  the  hypothalamus  in  pituitary-adrenal 
function.  In  similar  fashion,  the  pioneer  .studies  of  Cannon  (3)  and  He.ss 
(4)  have  been  extended  by  recent  workers,  and  emphasize  the  relationship 
of  various  CXS  areas  to  adrenal  medullary  secretion.  Recent  ob.servations 
by  .several  different  groups  of  investigators  (o,  (5,  7),  stronglj' suggest  the 
participation  of  the  cerebral  cortex  and  limbic  system  in  both  excitatory 
and  inhibitory  aspects  of  adrenal  cortical  function. 

Evidence  has  not  previously  been  available  with  which  to  evaluate  the 
true  role  of  the  hypothe.sized  “centers”  in  the.se  various  activities.  It  is 
conceivable  that  destruction  of  specific  controlling  areas  such  as  the  hypo¬ 
thalamus  results  in  ab.^ent  target  organ  respon.ses  to  trauma,  not  because* 
of  removal  of  the  single  stimulatory  pathway,  but  rather  because  other 
stimulatory  areas  continue  to  be  inhibited  by  higher  centers.  We  found  in 
previous  preliminary  experiments  (8)  that  removal  of  the  brain  down  to 
the  hj'pothalamus  did  not  abolish  the  normal  17-hydroxycortico.steroid 
output  increase  from  the  adrenal  cortex  in  respon.se  to  operative  trauma. 
In  the  first  preliminary  experiments  blood  levels  of  corticosteroids  fell 
after  removal  of  the  hypothalamus.  A  few  additional  preliminary  experi¬ 
ments  (9),  however,  revealed  persistence  of  elevated  corticosteroid  .secre¬ 
tion  for  as  long  as  six  hours  following  the  removal  of  large  portions  of  th( 
hypothalamus  in  some  animals.  Histological  studies  were  not  reported  ii 
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these  preparations,  and  the  present  studies  were  carried  out  to  determine 
the  effect  of  complete  “isolation”  of  the  pituitary  from  all  nerve  impulses. 
Portions  of  this  work  have  been  presented  in  abstract  form  (10). 

It  was  felt  desirable  to  determine  both  adrenal  cortical  and  medullary 
function  in  dogs  with  isolated  pituitaries.  According  to  current  concepts, 
such  a  preparation  would  not  be  expected  to  demonstrate  pituitary  ACTH 
release  in  response  to  trauma.  In  addition,  there  is  no  experimental  back¬ 
ground  on  which  to  base  a  prediction  as  to  the  ACTH-secreting  behavior 
of  such  an  animal  in  the  basal  or  “resting”  state.  There  is  also  little  evi¬ 
dence  on  which  to  predict  the  adequacy  of  adrenal  medullary  response  in 
such  animals,  both  with  respect  to  the  “resting”  state  and  activation 
following  trauma.  The  purpose  of  the  present  study  was  to  provide  the 
data  whereby  these  (piestions  could  be  answered. 

METHODS 

Hc'iiltliy  adult  inoiisrcl  dof^s  raiifiiuK  in  wcislit  from  12  to  20  kfj.  wcro  usimI  for  thoso 
studios.  Storilo  tochuiquo  was  carried  out  iu  all  surfiioal  operations,  and  intravenous 
sodium  i)entol)arhital,  30  niK./kK-,  "as  tlu‘  anesthetic  agent,  .\drenal  v('nous  eannula- 
tions  were  performed  aeeording  to  the  teehniqiu'  of  Hume  and  Nelson  (11).  It  is  j)os- 
sihle  with  this  pn'paration  to  obtain  intermittent  sanqiles  of  adrenal  venous  blood  in 
both  the  aeute  and  ehronie  state,  permitting  .sanqde  eolleetions  in  the  untraumatized, 
unaesthetizc'd  dog  for  as  long  as' several  weeks  following  surgery.  17-hydro.\yef)rtieoster- 
oid  eontent  of  timed  samples  of  adrenal  venous  blood  were  determined  by  the  method  of 
Nelson  and  Samuels  (12).  .\ssay  of  cavernous  sinus  blood  .\(’TH  eontent  (13)  was  per¬ 
formed  according  to  the  method  of  Ncdson  and  Ilume  (14).  Epinephrine  and  norepineph¬ 
rine  were  determimal  by  the  .Vranow  modification  (1.5)  of  the  method  of  Weil-.Mal- 
herbe  and  Hone  (lb),  and  the  values  are  added  together  in  each  sample  making  one  fig¬ 
ure  for  total  catechol  amiiu's  (E-NE).  Hlood  pressures  w('re  taken  by  means  of  an  in- 
dwcdliug  plastic  cannula  in  the  femoral  artery  connected  to  a  mercury  manometer. 
Rectal  temperatUH's  were  imaisured  with  a  recording  th(>rmometer  inserted  at  least 
three  inches  into  the  n'ctum. 

Hrain  removal  was  perforim'd  using  a  standard  neurosurgical  teclini(pie.  .V  crani¬ 
otomy  was  first  carried  out  using  a  om*  inch  trephine.  folk)wed  by  removal  of  most  of 
the  skull  over  the  cen'bral  eortcw  with  a  doubh'-action  rongeur.  C'ontrol  of  venous  blecal- 
ing  from  the  skull  was  easily  achieved  with  bone  wax,  and  care  was  taken  not  to  injure 
the  longitudinal  sinus.  After  attention  to  hemostasis,  the  dura  was  opened  parallel  to 
the  longitudinal  .sinus  and  approximately  1  mm.  from  it.  Small  bridging  veins  from  the 
cortex  into  the  sinus  w(‘re  cauterized.  Early  in  tlu*  development  of  tcchni(pies  for  brain 
nunoval.  the  jirocedure  was  performed  slowly,  with  great  attention  to  hemostasis  after 
removal  of  each  layer,  'rwenty-four  hour  survival  percentage  was  low  with  this  method 
(20%  to  50%),  and  gradually  a  method  was  workc'd  out  in  which  comphTe  removal  of 
the  brain  down  to  the  jjituitary,  with  transection  of  the  brain  stem  at  the  level  of  the 
inferior  colliculus,  could  be  performed  within  one  to  two  minutes  aftt'r  incision  of  the 
dura.  This  is  accomplishe<l  by  using  a  large  suction  tubing  to  remove  brain  down  to  the 
desirc'd  level  on  both  sides,  'riie  middh'  c(‘r(“bral  arteries  persist  as  thick  vascular  strands 
following  this  maneuver,  and  silver  clips  are  placed  at  their  origins.  It  is  then  i)o.ssibl(‘  to 
perform,  easily  and  in  a  relatividy  bloodless  field,  a  more  thorough  cleaning  of  the  dia- 
phragma  sella  with  a  fine  suction  tip.  In  a<ldition.  in  several  experiments  the  basilar 
irtery  was  transected  by  cutting  between  two  silver  clips  placed  on  it. 


Temporal  M. 


Pituitary  Fossa 


Clamped  Middle  Cerebral  Artgry 


Optic  Nerue 


Fig.  1.  .Vrtist’s  ski'tch  of  completed  brain  removal  procedure.  .V  bilateral  craniotomy 
has  been  performed,  with  suction  removal  of  brain  tissue  down  to  fliaphragma  sella  and 
inferior  colliculus.  The  fibrous  diaphragma  sella,  attached  firmly  to  the  anterior  and 
posterior  elinoids,  protects  the  pituitary  from  suction  removal.  Suction  tip  must  be  in¬ 
serted  through  orifice  in  diaphragm  to  insure  complete  removal  of  median  eminence. 


Figure  1  illustrates  the  appearance  of  the  skull  following  brain  removal,  and  it  can  be 
seen  from  the  insert  that  considerable  attention  is  given  to  completely  cleaning  the  rela¬ 
tively  tough  diaphragma  sella  of  all  residual  tissue.  .\t  this  juncture  it  is  decided  whether 
to  make  a  preparation  in  which  the  small  remnant  of  merlian  eminence  which  remains 
below  the  diaphragma  sella  is  to  be  removed.  In  order  to  do  this,  it  is  necessary  to  in¬ 
sert  a  small  curved  suction  tip  through  the  stalk  orifice  in  the  diaphragma.  The  principal 
ilanger  in  such  a  maneuver  is  the  possibility  of  devascularizing  the  pituitary.  The  an¬ 
terior  pituitary  of  the  dog  receives  its  blood  supply  from  two  sources,  one  passing  from 
the  posterior  pituitary  and  the  other  a  small  branch  on  each  side  from  the  internal  carot¬ 
id.  Occasionally  these  arteries  pass  up  almost  to  the  inferior  surface  of  the  diaphragm 
before  entering  the  pituitary,  and  in  tho.se  instances,  suction  removal  of  the  median  emi¬ 
nence  will  result  in  the  destruction  of  the  pituitary  blood  supply,  in  addition  to  the  he¬ 
matoma  which  often  forms.  Therefore,  in  many  e.xperiments,  no  attempt  was  made  to 
remove  the  sub-diaphragmatic  fragment  of  the  median  eminence  completely.  After  the 
jjreparation  was  completed,  small  pledgets  of  oxidized  cellulose  were  placed  over  the 
diaphragma  sella,  and  on  the  transected  brain  stem  itself.  The  temporal  muscles  were 
reapproximated  with  interrupted  chromic  catgut,  and  the  galea  aponeurotica  was  closed 
with  a  running  3-0  chromic  catgut  suture.  subcuticular  suture  of  4-0  chromic  catgut 
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completed  the  closure.  At  necropsy  the  whole  heads  were  i)laced  in  10%  formalin.  Seven 
to  ten  days  later  the  pituitary  remnant  and  hind  brain  scfimont  were  removed.  Re¬ 
cause  of  the  al)sence  of  hitilier  structures,  it  is  easy  to  remove  the  diaphragma  sella  and 
sella  turcica  contents  intact.  Serial  sagittal  sections  5  to  0  y  thick  were  made  of  the  pitui- 
taries.  Sections  were  alternatively  .stained  with  tlie  Comori  and  haematoxylin  and  eosin 
technique.  Serial  sagittal  sections  were  made  of  tlie  hind  briiin  and  were  stained  witli 
haematoxylin  ami  eosin. 

Blood  loss  was  carefully  measured  and  (piantitativ(>ly  replaced  with  freshly  drawn 
l)lood.  Urine  outputs  were  measured  in  most  animals  and  losses  were  rei)laced  with 
cipial  parts  of  0%  glucose  and  0%  glucose  in  saline.  It  is  extremely  important  to  give  in¬ 
tensive  nursing  care  to  these  animals  because  they  an*  very  ])rone  to  develop  pneumonia. 
Endotracheal  suction  was  performed  at  frtapient  intervals,  and  in  an  occasional  animal 
with  slow  and  relatively  shallow  respiration,  the  endotracheal  tube  was  connected  to  a 
resi)irator  and  a  few  deep  breaths  every  hour  were  given  to  the  dog.  'I'lie  animals  wen* 
turned  every  three  hours  from  one  side  to  the  other,  and  in  a  few  experiments  norepi¬ 
nephrine  was  given  to  maintain  a  falling  systolic  blood  pressure. 

In  one  experiment,  all  structures  of  the  hind  leg  were  transected  except  for  an  artery, 
vein  and  nerve  as  has  previously  been  described  (17).  In  another  animal,  a  bilateral 
cervical  sympathectomy  was  performed.  The  traumatic  stimulus  used  in  these  studies 
was  a  five  minute  burn  of  the  paw  and  lower  foot.  It  has  ])reviously  been  determined  in 
our  laboratories  that  such  a  burn,  resulting  in  tissue  necrosis  and  nerve  stimulation, 
leads  to  a  marked  adrenal  cortical  response  in  100%  of  the  animals  so  burned.  .Vfter 
such  burns  the  animals  do  not  manifest  a  further  increase  in  adrenal  cortical  output 
when  given  exogenous  corticotroj)hin  (.\CTH).  The  burn  was  api)lied  with  a  large  infra¬ 
red  lamp  which  was  held  approximately  1  cm.  from  the  area  to  be  burned.  .\t  the  end 
of  each  experimental  period  25  units  of  .\C'TH  w(>r(>  given  intravenously  in  order  to  pro¬ 
duce  adrenal  cortical  stimulation  to  compare  with  the  experimental  findings. 

RESULTS 

We  have  thus  far  been  unable  to  obtain  survival  for  more  than  five  days 
in  dogs  with  brains  removed  to  the  level  of  the  inferior  colliculus.  Such 
animals  follow  a  fairly  predictable  cour.se:  Immediately  following  removal 
of  the  brain  there  is  a  blood  pressure  fall  of  between  5  and  lo  mm.  of  mer¬ 
cury.  The  pressure  becomes  stabilized  at  this  level  for  some  hours  and  be¬ 
tween  12  and  24  hours  later  begins  a  gradual  drift  downward  which  is 
delayed  temporarily  if  a  vasoconstrictor  such  as  norepinephrine  is  given. 
The  blood  pre.s.sure  fall  occurs  despite  good  nursing  care  and  attention  to 
fluid  and  blood  replacement.  Attempts  are  under  way  at  the  pre.sent  time 
to  increase  .survival  times  by  staged  de-encephalization  several  days  apart. 
Brainle.ss  dogs  often  raise  their  heads  and  howl  when  the  extremity  is 
burned,  although  no  thalamus  or  cerebral  cortex  is  pre.sent.  In  addition, 
they  make  occasional  intermittent  movements  of  both  fore  and  hind¬ 
quarters.  The  animals  are  completely  poikilothermic  and  attention  must 
be  given  to  maintenance  of  the  correct  body  temperature,  either  by  heat¬ 
ing  blankets  or  exposure  to  a  cool  environment,  whichever  is  appropriate. 

The  first  series  of  experiments  in  which  adrenal  cortical  function  only 
was  determined  in  dogs  with  isolated  pituitaries  is  presented  in  Table  1. 
The  data  from  two  control  dogs,  18  hours  after  adrenal  vein  cannulation, 
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are  presented  to  contrast  the  normal  response  with  that  observed  in  dogs 
with  isolated  pituitaries.  The  control  dogs  have  very  low  values  for  basal 
corticosteroid  output,  as  do  a  series  of  similar  control  animals  with  craniot¬ 
omy  and  dural  incision,  but  intact  brains,  on  the  day  preceding  sampling. 
Five  to  ten  minutes  after  burn  trauma,  the  anesthetized  control  dogs  have 
marked  adrenal  cortical  respon.ses  which  are  not  further  increaseil  by 
exogenous  ACTH.  In  contrast  to  this,  all  dogs  with  isolated  pituitaries 
had  high  resting  levels  of  adrenal  cortical  secretion  unless  pituitary  infarc¬ 
tion  had  occurred.  In  response  to  burn  trauma,  most  of  the  animals  pre¬ 
sented  in  Table  1  had  a  significant  adrenal  corticosteroid  response  above 
control  levels.  Adrenal  venous  blood  flows,  ranging  from  1.0  to  4.2  cc.. 
minute,  usually  were  not  significantly  altered  following  burn  trauma. 


Table  1.  Right  adrenal  vendts  IT-hydroxyc'ortu'osteroii)  oi  tpi  t  per  mini  te 

(tiC,.)  BEFORE  AM)  AFTER  TRAl  MA  (FIVE  MIM  TE  BI  RN)  AM)  FOLLOWING  l.V.  A(’TU 

Dogs  with  brain  rpmoval  were  unanestiietized,  rei-tal  temppraturps  variptl  from 
and  l)Iood  prpssurps  rangpd  from  70  to  1 10  mm.  .\11  figurps  rpprpspiit  avpragi'  of  two  or  morp 
detprminations  takpn  within  10  minutps  of  pach  othpr.  C'ontrol  dogs  wprp  liurnpd  18  hours 
after  adrpnal  vein  eannulation,  and  were  anesthetized  prior  to  burning. 


Kxperiment 

number 

Normal 

control 

Norma) 

control 

•2 

B-:i6 

B-47 

B-5:i 

B-58 

B-61 

B-62 

B-70 

B-71tB-l(K)*B-120 

B-123 

B-1.35 

Values  b<‘fore 
trauma 

1.2 

0.2 

6.8 

4.8 

7  •> 

11.4 

16.1 

7.4 

6.1 

6.4 

6.3 

8.5 

4.6 

5  IH  minutes 
after  trauma 

26.8 

14. it 

16.0 

114 

0.8 

13.4 

15.0 

11.0 

10.0 

0.4 

11  1 

10.0 

10.8 

1  hour  after 
trauma 

20.2 

7.6 

15.0 

12.2 

8.8 

_ 

12.2 

10.0 

8.0 

7.2 

_ 

_ 

6.2 

5.2 

S  iiiiniitfs  aftrr 
25  units  l.V. 
.ACTH 

28.2 

15.6 

15.4 

13.6 

12.3 

15.6 

14  4 

11 .8 

17.0 

14.6 

•>•>  6 

Xt:mbeT  of  hours 
after  brain  re¬ 
moval  trauma 
performed 

_ 

_ 

120 

26 

4 

9 

25 

6 

20 

26 

27 

24 

48 

27 

*  IsulatcKi  U*K  preparation. 

t  Bilateral  eerviea!  s^yinpatheetoiiiy  2  \veek.s  b«*fore  btain  removal. 


Animal  B-Ol  failed  to  demonstrate  an  elevation  of  adrenal  corticosteroid 
output  following  burn,  but  appeared  to  have  already  reached  high  levels 
before  burning.  In  .several  instances  the  levels  fell  markedly  one  hour  after 
trauma.  In  the  majority  of  cases,  administration  of  exogenous  ACTH  re¬ 
sulted  in  a  further  increa.se  of  adrenal  cortical  secretion  as  compared  to 
that  observed  following  burn  trauma. 

Figure  2  illustrates  in  more  detail  the  pattern  of  adrenal  cortical  func¬ 
tion  in  Dog  following  brain  removal.  Five  days  after  the  brain  had 
been  removed,  the  dog  still  demonstrated  a  high  resting  secretion,  ranging 
from  7  to  9  mK-  per  minute.  Following  the  burn,  output  ro.se  to  1(5.8  gg. 
per  minute  and  remained  in  the  high  range  for  several  hours.  In  Figure  .4 
may  be  .seen  the  results  of  an  experiment  in  which  the  animal  was  burned 
26  hours  following  brain  removal.  Cortico.steroid  outputs  immediately 
rose  following  Hie  burn  from  between  4  and  5  gg.  per  minute  to  over  14  mK- 
per  minute.  Respon.se  to  ACTH  on  the  day  of  adrenal  vein  eannulation 
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Fig.  2.  Dos  (B-3()).  Five*  days  after 
rain  removal  adrenal  venous  eortieoster- 
id  outputs  ranj!;ed  from  seven  to  nine 
iierograms  jier  minute,  with  further  in- 
rease  to  Ui.S  mierograms  following  hum. 


•vas  25.8  /ufr.  per  minute,  a  considerably  greater  value  than  that  oliserved 
following  burning  after  pituitary  isolatioti. 

Figure  4  illustrates  an  experiment  in  whieh  the  animal  was  burneil 
several  times,  with  a  significant  response  following  each  burn.  The  brain 
had  been  removed  six  hours  prior  to  the  burn  in  this  experiment  and  ad¬ 
renal  corticosteroid  outputs  had  fallen  to  levels  ranging  between  two  and 
live  mK-  per  minute.  The  levels  immediately  rose  following  burning,  to 
between  8  and  10  mK-  per  minute.  Another  burn  resulted  in  a  maximal  out- 
init  of  almost  18  juK-  per  minute,  and  three  succeeding  burns  each  resulted 
in  an  increa.se  in  the  adrenal  corticosteroid  output  to  similar  levels.  Exog¬ 
enous  ACTH  did  not  result  in  a  greater  corticosteroid  output  than  that 
observed  following  burns. 

Figure  o  illustrates  the  effect  of  a  burn  in  an  animal  with  combined 
isolated  pituitary  and  isolated  leg.  When  the  isolated  nerve  was  intact  and 
llie  leg  was  burned,  resting  levels  were  so  high  that  no  response  was  ob- 
.served.  Tlie  nerve  was  then  cut  and  the  levels  fell  to  a  value  of  7  jag.  per 
minute.  At  this  time,  the  isolated  leg  was  again  burned  and  no  response 
was  ob.served.  The  normal  leg  was  then  burned  and  an  immediate  respon.se 


Fig.  .3.  Dog  (B-47).  2(1  hours  aftor 
brain  rtunoval  animal  responds  to  burn 
with  elevated  corticosteroid  output.  Xote 
high  resting  levels  of  corticosteroid  output 
and  failure  of  burn  to  achieve  an  adrenal 
response  comjiarable  to  that  obs(>rv»‘d  fol¬ 
lowing  exogenous  .\(’TH. 
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Fig.  4.  Dos  (B-02).  Resting  level  of 
eortieosteroid  output  in  this  animal  ranged 
from  2.2  to  5  gin.  per  minute.  Burns  on 
five  different  occasions  resulted  in  sharp  in¬ 
creases  in  corticosteroid  output.  The  in¬ 
crease  in  output  following  burning  was 
comparable  to  that  olitained  following  e.\- 
ogenous  .\('TH. 


to  between  13  and  14  jug,  was  observed.  Exogenous  ACTH  resulted  in  a 
further  small  increment  of  increase  in  corticosteroid  output. 

Table  2  gives  results  in  which  epinephrine  and  norepinephrine  outputs 
were  determined  in  addition  to  corticosteroids.  It  may  be  seen  that  dog 
H-ti4  had  neither  high  resting  levels  of  adrenal  corticosteroid  output  nor 
response  to  trauma,  and  represents  the  only  animal  without  high  resting 
levels  observed  in  this  series.  At  necropsy  the  pituitary  was  found  to  hv 
completely  infarcted.  All  other  animals  had  high  resting  corticosteroid 
outputs,  with  approximately  half  showing  significant  adrenal  responses 
following  burning.  One  experiment  in  this  series  is  illustrated  in  Figure  6 
(B-.59).  After  cannulation  control  levels  ranged  from  2.5  to  5.5  mK-  pt^i’ 
minute.  After  burning,  the  secretion  rose  to  10.8  /xg.  per  minute.  Hypo- 
phy.sectomy  was  then  performed  and  the  output  fell  to  near  zero  and  re¬ 
mained  there  until  exogenous  ACTH  was  given,  resulting  in  a  response 
similar  to  that  .seen  following  burning  of  the  leg.  Also  in  this  experiment, 
cavernous  .sinus  ACTH  content  was  assayed  after  burning  with  the  pitui¬ 
tary  intact,  and  following  hypophy.sectomy.  It  may  be  seen  that  there  was 
an  amount  of  ACTH  in  the  cavernous  sinus  blood  equivalent  to  that  ob- 


Fig.  .5.  Dog  (B-lOO).  Burning  of  the 
i.solatcd  innervated  leg  resulted  in  no 
further  increase  from  very  high  resting 
corticosteroid  levels.  After  nerve  transec¬ 
tion,  levels  declined  and  reburning  of  the 
isolated  leg  resulted  in  no  increase  in 
corticosteroid  output.  There  was  an  im¬ 
mediate  increase  in  corticosteroid  output 
following  burning  of  the  other  normally  in¬ 
nervated  leg,  with  further  increase  follow¬ 
ing  exogenous  ACTH. 
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Fig.  0.  Dok  (R-59).  Hum  msulted  in 
in  iinnu'diato  and  marked  inerease  in 
ortieosteroid  outinit  accompanied  by  a 
•  ignificant  cavernous  .sinus  ACTH  content, 
i’ollowins  liypoiihyscctomy  there  was  no 
.dnmal  venous  corticosteroid  res])onse  nor 
\(’TH  present  in  cavernous  sinus  iilood. 


TIME  (MINUTES) 


Fig.  8.  Dog  (H-09).  Burning  resulted  in 
a  rajiid  elevation  of  adrenal  venous  cate¬ 
chol  amine  outinit  on  two  separate  oeea- 
sions,  the  second  following  hyjioiihysee- 
tomy. 


^C4mL^  t  ♦ 

C0(ltPLST£'0  cMtcHKous  Sinus  csuinnous  s/nus 

ACTM  eONTiHT  /tCTM  CONTENT 

'SOce  i9$*  thtnOSmiunm.it/SOet 


Fig.  7.  Dog  (H-r)2).  Burn  in  this  animal 
resulted  in  imnu'diate  elevation  of  adnmal 
venous  catechol  amine  outimt  to  very  high 
levels. 


.served  in  normal  animals  following  hum  trauma,  hut  that  following  liypo- 
pliysectomy,  no  ACTH  was  mea.surahle. 

.\11  animals  of  this  series  had  a  marked  adrenal  medullary  response 
following  hurning.  The  output  in  most  instances  tended  to  return  toward 
normal  one  hour  following  the  hum.  Two  of  these  experiments  are  illus¬ 
trated  in  Figures  7  and  8.  Figure  7  (B-.52),  portrays  an  animal  which  was 
hurned  with  a  control  level  of  0.08  mS-  F-NE  per  minute,  with  a  return 
toward  hasal  levels  in  the  succeeding  hour.  In  Figure  8  may  he  seen  a 
similar  experiment  in  which  a  hum  resulted  in  a  marked  respon.se  in  the 
dog  with  i.solated  pituitary,  with  a  similar  response  after  hypophysectomy. 

Eight  animals  of  the  total  series  of  dogs  reported  in  Tables  1  and  2  had 
no  remaining  median  eminence  fragment.  The.se  were  dogs  B-52,  B-()2, 
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Tig.  10.  Hind  brain,  Dog  B-59  (13.5X).  Romoval  of  tl\e  brain  has  boon  carried 
out  down  to  the  mid-pons. 


Fig.  9.  Pituitary,  Dog  H-59  (bS.oX).  This  section  sliows  optic  nerve,  anterior  and  pos- 
t  rior  pituitary  and  diai)liragma  sella.  It  is  clear  that  a  sub-sellar  remnant  of  the  median 
e  .linence  of  the  hy])othaIamus  persists  in  this  section. 


H-70,  B-71,  B-lOO,  B-120  and  B-1:L5.  All  oilier  dogs  reported  in  this 

.SI  ties  revealed  fragments  of  median  eminence  in  one  or  more  of  the  slides. 
.Vll  such  tissue  was,  of  cour.se,  located  below  the  orifice  in  the  diaphragma 
sella.  Figures  9  and  10  show  the  persisting  anatomical  structures  in  the 
.sella  turcica  and  hind  brain  area  in  dog  li-o9.  It  can  be  seen  that  a  small 
remnant  of  median  eminence  is  present,  although  this  fragment  is  clearly 


r 


F'ig.  11.  Pituitary,  Dog  (13.5X).  No  median  eminence  fragment  is  present. 

Special  attention  was  given  to  suction  removal  of  this  area  through  diaphragmatic 
orifice. 


below  the  diaphragm.  Sections  of  the  remaining  hind  brain  reveal  absence 
of  all  brain  ti.s.sue  cranial  to  the  mid  portion  of  the  pons.  Figures  11  and  12 
illustrate  the  pituitary  and  hind  brain  areas  of  dog  B-()2.  Xo  median 
eminence  is  present  in  the  pituitary  sections,  and  hind  brain  sections 
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Table  H.  Combarisox  ok  adrenal  venoi  s  and  beripiieral  blood  IT-hydroxycorti- 

COSTEROID  VALl'ES  BEFORE  AND  24  HOI  RS  AFTER  BRAIN'  REMOVAL 


Kx|H*rinu‘iit  Xuinhcr 

Peripheral 

Mg.  %  Plasma 

Adrenal 

Mg. /minute 

H  121 

Mcfdro 

0.1 

5.8 

Aft  or 

14.0 

15.2 

R  12.T 

Before 

5 . 

4.8 

After 

14.4 

14.2 

bowed  hraiii  removal  to  extend  down  to  and  inelnde  the  cranial  portion 
)f  the  pons. 

Table  R  shows  a  comparison  of  adrenal  venous  and  peripheral  blood  17- 
lydroxycorticosteroid  values  before  and  after  brain  removal.  In  both 
inimals,  control  samples  were  obtained  two  hours  after  adrenal  vein  can- 
iiulation.  Twenty-four  hours  after  brain  removal  high  resting  levels  were 
observed  in  both  peripheral  and  adrenal  venous  blood.  The  reason  these 
(‘xperiments  are  not  reported  in  Tables  1  or  2  is  that  few  blood  samples 
were  obtained,  and  burns  and  ACTH  administration  were  not  carried  out. 

DISCUSSION’ 

High  resting  corticosteroid  levels  were  observed  in  all  animals  with 
brains  removed  down  to  the  pituitary,  providing  the  pituitary  was  not 
devascularized  by  the  surgical  procedure.  This  is  in  marked  contrast  to  the 
consistently  low  basal  values  for  corticosteroid  output  seen  in  the  normal 
unanesthetized  animal.  The  elevation  of  basal  secretion  is  not  of  compa¬ 
rable  magnitude  to  that  observed  following  exogenous  ACTH.  A  similar 
finding  has  been  observed  in  decorticated,  unanesthetized  dogs  (IS)  and 
will  be  presented  in  detail  elsewhere. 

There  are  at  least  two  explanations  which  may  be  pre.sented  to  explain 
(he  elevated  basal  output  in  dogs  with  isolated  pituitaries.  A  humoral 
iidiibitory  factor  might  be  produced  by  higher  central  nervous  system 
areas  such  as  the  cerebral  cortex  which  acts  directly  on  the  pituitary.  Re¬ 
moval  of  these  higher  centers  leaves  the  uninhibited  pituitary  with  an  in¬ 
creased  rate  of  ACTH  release.  The  implication  of  this  liypothesis  is  that 
the  pituitary  is  capable  of  spontaneous  ACTH  release  after  removal  of 
humoral  inhibition.  An  alternative  hypothesis  is  that  higher  central  nerv¬ 
ous  .system  areas  inhibit  an  ACTH-releasing  center  located  elsewhere. 
Removal  of  this  inhibition  results  in  the  accelerated  relea.se  of  a  neuro¬ 
humor  which  pa.s.ses  to  the  pituitary  resulting  in  ACTH  .secretion.  Inas¬ 
much  as  high  basal  levels  are  ob.served  in  the  un.stimulated  dogs  with 
isolated  pituitaries,  this  would  imply  a  continuing  series  of  stimulatory 
impulses  to  the  area  producing  the  ACTH-releasing  substance.  High 
((Mitral  nervous  system  inhibition  could  be  either  nervous  or  humoral  if  it 
.  'ted  on  a  hypothalamic  or  other  ACTH  releasing  area,  but  would  neces- 
^  irily  be  humoral  if  the  pituitary  was  the  site  of  action. 


212 


IXIDAHL 


Volume  6t 


III  addition  to  high  resting;  adrenal  cortical  secretion,  following  burning 
dogs  with  isolated  pituitaries  demonstrate  ACTH  concentrations  in 
cavernous  sinus  blood  comparable  to  normal  normals,  and  have  significant 
17-hydroxycorticosteroid  secretion  in  adrenal  venous  blood.  The  post¬ 
stimulatory  changes  in  adrenal  venous  output  per  minute  of  corticosteroid> 
occur  in  the  absence  of  significant  changes  in  adrenal  blood  flow.  One  of  tlu 
.several  po.ssible  explanations  for  pituitary  ACTH  release  following  burns 
in  dogs  with  isolated  pituitaries  is  the  persistence  of  a  direct  innervation 
of  the  anterior  pituitary  (19,  20).  The  con.sensus  of  workers  in  the  field 
appears  to  be  that  there  is  no  innervation  of  the  anterior  pituitary,  eithei 
by  the  sympathetic  or  parasympathetic  nervous  .sy.stem  (21,  22).  Recent 
electron  microscopy  studies  (28)  of  the  anterior  pituitary  reveal  an  absence 
of  nerve  fibers.  In  one  animal  of  this  study,  B-71,  bilateral  cervical  sym¬ 
pathectomy  did  not  prevent  high  basal  levels  and  further  increase  follow¬ 
ing  burning.  In  the  ab.sence  of  convincing  evidence  to  the  contrary,  it  does 
not  seem  likely  that  the  pituitary  ACTH  release  following  burns  in  dog> 
with  isolated  pituitaries  is  due  to  .sympathetic  or  parasympathetic  nervous 
connections  to  the  anterior  pituitary. 

Another  possibility  is  that  the  pituitary  has  become  more  sensitive  to 
pi'ripherally  produced  humoral  agents  which  are  ineffective  in  the  normal 
animal.  Experiments  with  the  isolated  leg  preparation  published  el.se- 
where  (17)  give  strong  support  for  the  concept  that  pituitary  ACTH  re¬ 
lease  following  traumatic  stimuli,  such  as  burns  or  operative  trauma,  is 
totally  dependent  upon  nervous  impulses  to  the  brain,  and  involves  no 
humoral  component  from  the  peripheral  tissues.  That  the  isolated  pitui¬ 
tary  preparation  is  no  more  .sensitive  to  such  hypothetical  but  unproven 
“wound  hormone”  (24)  than  the  normal  animal  is  shown  by  experiment 
B-lOO  in  which  an  adrenal  cortical  respon.se  was  ob.served  following  burn  to 
the  innervated  but  not  the  denervated  leg. 

According  to  the  hypothesis  .set  forth  by  Sayers  (2.o),  the  pituitary 
relea.se  of  ACTH  is  under  the  control  of  the  peripheral  level  of  blood  17- 
hydroxycorticosteroids,  in  addition  to  other  factors.  Table  8  shows  that 
decreased  peripheral  blood  levels  do  not  account  for  pituitary  ACTH 
release,  since  peripheral  blood  levels  and  adrenal  venous  corticosteroid 
outputs  were  simultaneously  elevated  24  hours  following  brain  remova'. 
It  is  apparent  that  the  pituitary  release  of  ACTH  occurs  in  the  presence  of 
high  peripheral  blood  levels  of  corticosteroids.  Preliminary  studies  do  net 
demonstrate  blood  pH  or  electrolyte  changes  which  might  be  conjectured 
as  pituitary-stimulating  factors  in  dogs  with  brains  removed. 

The  most  likely  explanation  for  the  relea.se  of  ACTH  following  traum  i 
in  dogs  with  isolated  pituitaries  is  the  production  of  an  ACTH-releasin  ' 
neurohumor  by  the  hind  brain,  spinal  cord,  or  elsewhere.  Previous  .studk  ' 
have  shown  that  .spinal  cord  .section  at  C7  completely  prevents  ACTH 
relea.se  following  burns  or  operative  trauma  (17).  Accordingly  it  woul  I 
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seem  likely  that  nervous  impulses  pass  from  the  hiirned  extremity  up  the 
spinal  cord  to  an  area  located  somewhere  between  the  medulla  and  inferior 
colliculus  and  that  the  hind  brain  produces  an  ACTII-releasins  neuro¬ 
humor  which  passes  by  the  systemic  blood  stream  to  the  pituitary.  We  do 
not  have  evidence  upon  which  to  base  a  choice  among  the  cerel)ellum, 
pons,  and  medulla  for  this  center.  The  median  eminence  of  the  hypothala¬ 
mus  does  not  need  to  be  pre.sent  in  dogs  with  isolated  pituitaries,  either  to 
maintain  high  resting  corticosteroid  levels  or  for  the  further  increase  in 
corticosteroid  output  which  occurs  following  burns.  These  responses  oc¬ 
curred  in  several  animals  with  no  median  eminence  present  as  determined 
l)y  .serial  sections.  Accordingly,  it  seems  most  likely  that  a  neurohumor  is 
produced  by  the  hind  brain  (IIBF  hind  brain  factor)  and  passes  by  the 
systemic  blood  stream  directly  to  the  pituitary,  effecting  ACTII  release. 

Although  the  evidence  points  strongly  toward  production  by  the  hind 
brain  of  an  ACTH-releasing  neurohumor,  another  possibility  must  be  con¬ 
sidered.  Spinal  cord  section  studies  have  not  yet  been  performed  in  dogs 
with  isolated  pituitaries,  and  it  is  possible  that  the  spinal  cord  itself  pro¬ 
duces  a  substance  which  has  the  al)ility  to  release  ACTII  after  removal  of 
the  higher  brain  centers.  In  addition  it  is  unlikely,  but  conceivable,  that  a 
substance  which  releases  AC'Tll  is  produced  elsewhere  than  in  the  central 
nervous  system.  (Juillemin  (2())  has  found  in  vitro  ACTH-releasing  po¬ 
tency  not  only  for  hypothalamic  tissue,  but  also  for  a  substance  present  in 
intestinal  musculature.  It  is  possible  that  the  production  of  this  substance 
depends  upon  a  spinal  reflex  involving  a  peripheral  afferent  nerve,  hind 
brain  or  spinal  cord,  and  efferent  to  the  intestine.  Although  unlikely,  such 
a  possibility  is  not  rule<l  out  by  our  data.  In  addition  it  is  established  that 
a  similar  reflex  mechanism  results  in  epinephrine  release  from  the  adrenal 
medulla  and  it  is  possible  that  epinephrine  itself  is  an  ACTH-releasing 
agent  in  dogs  with  isolated  pituitaries.  h]pinephrine  is  ineffective  as  an 
.VC'TH-releasing  agent  in  the  intact  dog  (27)  but  nothing  is  known  con¬ 
cerning  its  action  in  animals  lacking  higher  brain  centers.  The  fact  that 
several  animals  in  Tables  1  and  2  did  not  show  a  significant  adrenal  cortical 
response  following  burns,  although  a  highly  significant  catechol  amine 
response  did  occur,  seems  to  be  somewhat  against  the  hypothesis  that 
epinephrine  is  the  ACTH-releasing  agent. 

Mason  has  stimulated  various  areas  of  the  brain  in  conscious  monkeys 
and  determined  the  peripheral  blood  17-hydroxycorticosteroids.  He  found 
hippocampal  stimulation  to  be  inhibitory  and  hypothalamic  (28)  and 
amygdaloid  (.5)  stimulation  to  result  in  elevated  blood  corticosteroid 
levels.  Martin  and  co-workers  (fi)  found  that  removal  of  the  amygdaloid 
nuclei  in  cats  resulted  in  a  marked  increase  in  adrenal  cortical  secretion, 
associated  with  a  reduction  in  general  activity  and  resistance  to  emotional 
-timuli.  These  findings  indicate  a  complex  interplay  of  excitatory  and 
hihibitory  factors  in  intact  animals.  It  is  probable  that  the  usual  media- 
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iiism  of  adrenal  cortical  activation  in  the  intact  animal  depends  upon 
hypothalamic  stimulation  by  impulses  passing  up  the  spinal  cord  and 
through  the  reticular  formation.  The  hypothalamic  neurohumor  passes  by 
the  hypophyseal  portal  system  or  through  the  systemic  blood  stream  to 
the  pituitary  resulting  in  ACTII  release.  Although  inhibition  of  the  hypo¬ 
thalamus,  as  well  as  of  the  lower  ACTH-releasing  center,  in  the  resting 
state  probably  accounts  for  the  basal  corticosteroid  outputs  in  either 
anesthetized  or  unanesthetized  normal  dogs,  this  inhibition  can  be  broken 
through  by  stimulatory  impulses  from  below.  Hypothalamic  lesions  abolish 
reactivity  (29)  because  HBF  is  inhibited  by  impulses  of  a  nervous  or 
humoral  nature  from  higher  central  nervous  system  centers.  After  brain 
remov  al,  HBF  inhibition  is  removed,  with  resulting  high  basal  corticoster¬ 
oid  outputs.  Trauma  to  the  extremity  results  in  a  further  increase  in 
production  of  HBF,  and  corresponding  increased  ACTH  output. 

The  situation  with  respect  to  the  effect  of  brain  removal  on  adrenal 
medullary  secretion  both  in  the  resting  stage  and  in  response  to  trauma 
seems  much  more  clear-cut.  As  far  as  can  be  determined,  brain  removal 
down  to  the  level  of  the  pons,  either  with  or  without  hypophysectomy 
does  not  alter  adrenal  medullary  response  from  normal.  This  is  not  to 
imply  that  emotional  stimuli  such  as  fear,  which  leads  to  impulses  which 
pass  from  the  cerebral  cortex  down  to  the  lower  centers  and  results  in 
adrenal  medullary  secretion,  are  present  in  dogs  with  brain  removal.  The 
present  discussion,  however,  is  limited  to  stimuli  such  as  burns  or  opera¬ 
tive  trauma.  There  is  an  abundance  of  evidence  suggesting  that  the  cere¬ 
bral  cortex  exerts  a  tonic  or  inhibiting  influence  on  lower  central  nervous 
system  centers  which  control  adrenal  medullary  secretion  (dO,  31,  32,  33). 
Dogs  with  isolated  pituitaries  have  normally  low  basal  outputs  of  adrenal 
medullary  catechol-amines,  and  this  would  seem  to  rule  out  the  possibility 
of  a  tonic  inhibition  of  the  adrenal  medullary  secretion  center  from  higher 
areas. 

A  previous  series  of  experiments  in  our  laboratory  has  demonstrated 
that  spinal  cord  .section  at  C7  abolishes  the  adrenal  venous  catechol¬ 
amine  output  increase  following  burns  or  operative  trauma  (34).  Ac¬ 
cordingly,  the  finding  that  dogs  with  brains  removed  have  normal  adrenal 
medullary  responses  following  burns  or  operative  trauma  makes  it  .seem 
likely  that  the  center  for  control  of  adrenal  medullary  secretion  is  located 
between  C7  and  the  pons.  This  work  represents  confirmation  of  tlu 
theories  of  Cannon  (3)  and  Bard  (35)  who  demonstrated  that  tran.sectioi 
of  the  brain  above  the  level  of  the  medulla  left  intact  the  adrenal  medullary 
respomse  to  trauma,  but  that  spinal  cord  .section  below  the  medulla  left  an 
animal  which  did  not  give  an  adrenal  medullary  response  following  trauma 
.\dditional  points  added  to  this  theory  by  the  present  studies  are  that  then 
is  no  tonic  inhibition  of  the  adrenal  medullary  activation  center  located  ii 
the  medulla  oblongata,  and  that  humoral  participation  by  central  nervou 
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centers  al)ove  the  medulla  is  not  needed  for  maximal  adrenal  medullary 
response  following  trauma. 

There  is  nothing  in  this  work  which  implies  that  impulses  emanating 
from  higher  centers  cannot  activate  the  medullary  center  for  catechol¬ 
amine  output  under  certain  circumstances.  The  studies  of  Hess  (4),  Von 
Kuler  and  Folkow  and  Hoff  and  co-workers  (.47)  emphasize  that  stimu¬ 
lation  of  various  areas  in  the  central  nervous  system  results  in  increa.'^ed 
adrenal  medullary  secretion.  The  emphasis  of  the  present  studies  is  that 
these  centers  are  not  e.ssential  to  the  marked  adrenal  medullary  catechol¬ 
amine  response  which  occurs  following  trauma. 

CO.NCLUSIOXS 

Dogs  with  isolated  pituitaries  have  high  resting  adrenal  venous  corti¬ 
costeroid  outputs,  and  about  two-thirds  of  .such  animals  respond  to  burn 
trauma  with  a  further  increa.se.  This  is  interpreted  to  mean: 

a.  Higher  areas  of  the  brain  tonically  inhibit  lower  areas  which  produce 
and  relea.se  ACTH-releasing  neurohumors  in  the  dog. 

b.  An  area  which  produces  an  ACTH-releasing  neurohumor  is  located 
in  the  hind  brain.  This  hind  brain  factor  (HBF)  acts  through  the  systemic 
blood  stream  to  effect  ACTH  release  from  the  pituitary,  or  po.ssibly,  in  the 
intact  animal  to  stiimdate-  release  of  the  hypothalamic  ACTH-releasing 
neurohumor.  HBF  is  inhibited  by  nervous  or  humoral  mechanisms  ema¬ 
nating  from  the  higher  central  nervous  system.  The  data  of  this  report  do 
not  rule  out  other  possible  explanations  for  the  ACTH-releasing  effect  of 
trauma  in  dogs  with  isolated  pituitaries. 

The  center  e.s.sential  for  adrenal  medullary  activation  following  burns 
or  peripheral  nerve  stimulation  is  located  in  the  medulla  oblongata.  There 
is  no  evidence  for  tonic  inhibition  of  this  area  by  higher  CXS  structures. 
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HYPOTHALAMIC  LESIONS^ 
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ABSTHAC’T 

“Acut(i”  or  “clironic”  lesions  in  the  nie<lian  eniinenee  can  block  the  adrenal 
ascorbic  aci<l  dt'pletion  normally  occiirriiifi  one  or  four  hours  t'ollo\vinj>;  unilat- 
(‘ral  adrenalectomy.  Such  lesions  can  induce  adrenal  atrophy  in  the  presence  of 
normal  sized  testes.  Adrenal  ascorbic  acid  de])letion  in  rats  with  adrenal  atro- 
])hy  is  variable,  and  some  of  them  do  not  have  diab(‘t(‘s  insipidus.  Pituitary 
.\('TH  content  is  within  normal  limits  in  rats  with  “acute”  lesions  but  falls  to 
.■)0%  of  normal  in  animals  with  “(dironic”  l(‘sions. 

R1']L1']AS1‘]  of  adrenocorticotrophiii  (ACTH)  followiiifj;  stress  is  defi¬ 
cient  in  rats  with  liypothalainie  lesions  destroying  the  median  emi- 
iienee  of  tlie  tuber  einereuin  (1-4).  The.se  animals  exhibit  a  complete  ab¬ 
sence  of  respon.se  to  acute  noxious  stimuli  but  show  diminished  responses 
to  chronic  stimuli  (o).  The  pre.sent  report  presents  experiments  designed  to 
delineate  further  the  degree  of  blockade  in  the  pituitary-adrenal  system 
present  in  rats  with  hypothalamic  lesions. 

METHODS 

Hypothalamic  lesions  were  mad(‘  in  the  median  (uninence  of  male,  Wistar  rats  usin^ 
the  Krieg  sterc'otaxic  instrument  (1,  2).  Two  typt's  of  rats  with  h'sions  were  us('d  for 
experiments.  Those  which  had  bc'cn  oi)erated  upon  48  hours  j)r('viously  an*  desij;nat('d 
rats  with  “acute”  lesions,  while  those  which  were  used  3  or  more  weeks  after  opcTation 
are  called  rats  with  “chronic”  lesions.  I’nle.ss  otherwise  sj)eciHed,  the  animals  with 
“acute”  lesions  drank  at  least  100  nd.  of  water  during;  the  first  24  hours  post-operatively, 
and  those  with  “chronic”  lesions  drank  200  ml.  or  more  per  day;  such  rats  do  not  res|)ond 
to  acute  stress  (0). 

-Vdrenal  ascorbic  acid  depletion  was  determined  in  respon.se  to  the  stress  c)f  unilateral 
adrenalectomy  under  ether  anesthesia  using  methods  previously  reported  (1). 

Pituitaries  were  removed  from  rats  immediately  after  sacrifice,  ground  in  0.5  ml.  of 
0.1  X  HCl  per  anterior  lobe  and  stored  in  the  deep  freeze.  Pools  of  six  or  more  glands  were 
Miitably  diluted  and  assayed  at  2  or  more  dose  levels  in  hyi)ophysectomized  rat.s“  by  the 
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Table  1.  Adrenal  AsroRBic  acid  depletion  koi  r  iioi  rs  koi.lowtno  i  nilateral 

ADRENALECTOMY  IN  RATS  WITH  LESIONS 


Type  of  uninial 


Adrenal  ascorbic  acid  depletion 
(inn./lUO  gm.  adrenal) 


Xormal  l(Mt±  7  ((>)* 

“Acute”  Lesions  22  ±  1 1  ((>) 

“Chronic”  Lesions  r)4±:i:i(tl) 


‘  Mean  ±S.E.M.;  the  number  inside  the  jiarenthesis  is  the  nuinlier  of  rats  in  the  group. 


iiK'thod  of  Sayers  et  nl.  (7).  Ten  or  more  rats  w(‘re  used  for  assay  of  eaeli  jiool  of  pitui- 
taries,  and  the  results  compared  to  those  obtained  with  r.S.I’.  reference  standard  cor- 
ticotro|)hin.'’ 

RESULTS  AM)  DISCUSSION' 

Previous  results  iiulieated  that  tlie  depletion  in  adrenal  aseorhie..  aeid 
which  occurs  one  hour  after  unilateral  adrenalectomy  is  blocked  in  rats 
with  “acute”  or  “chronic”  lesions  in  the  median  eminence  (1,  2,  4).  In  the 
present  experiments,  the  second  adrenal  was  removed  4  hours  post-uni¬ 
lateral  adrenalectomy  since  some  workers  have  presented  evidence  for  a 
delayed  metabolic  phase  in  ACTH  release  (8,  9).  The  results  (Table  1) 
indicate  that  the  ascorbic  acid  depletion  seen  in  normals  4  hours  after  uni¬ 
lateral  adrenalectomy  failed  to  occur  in  rats  with  “acute”  lesions.  There 
was  no  significant  response  in  the  group  of  rats  with  “chronic”  lesions; 
however,  the  ascorbic  acid  response  was  quite  variable.  Two  rats  showed 
an  increase  in  ascorbic  acid  of  the  second  adrenal;  two  showed  a  small 
drop:  and  two  gave  responses  within  the  normal  range.  It  would  appear 
that  hypothalamic  lesions  can  prevent  the  ascorbic  acid  depletion  occur¬ 
ring  4  hours  after  unilateral  adrenalectomy. 

Adrenal  atrophy  can  follow  lesions  in  the  median  eminence  (10).  The 
results  shown  in  Table  2  demonstrate  that  this  adrenal  atrophy  can  occur 
in  the  presence  of  normal  sized  testes,  suggesting  that  adrenal  atrophy  is  a 


Table  2.  Rats  with  lesions  and  adrenal  atrophy  bi  t  with  normal  testes* 


Type  of  animal 

.\drenal 
wt.  (mg.) 

.\drenal  ascorbic 
acid  depletion 
(mg. /1 00  gm. 
adrenal) 

Water  intake 
(ml. /day) 

Ti'stes 
wt.  (gm.) 

Xormal 

;io±  .7  (5:t) 

105 ± 10 (10) 

H7±  2  (8) 

3.0+  .  1  (10) 

Lesions;  normal  ascorbic 
acid  depletion 

21  ±  .7  (i:t) 

190  ±  14  (i:{) 

.52  ±  1  (i:i) 

2.9+  .1  (13) 

Lesions;  no  ascorbic  acid 
depletion 

19  ±.8  (8) 

5  ±  1 1  (8) 

153  ±81  (8) 

3.0±.l  (8) 

*  .\drenal  atrophy  was  coiisiderptl  to  be  present  if  the  adrenal  weight  was  more  than  tw- 
standard  deviations  smaller  than  that  of  controls.  The  same  criteria  were  apiilied  to  defiii 
testicular  atrophy. 


Kitully  supplied  by  Dr.  Herman  C'ohen  of  Piineeton  Laboratorii's. 
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specific  result  of  the  lesions  and  not  secondary  to  a  general  depression  of 
all  anterior  lobe  function.  Since  a  smaller  pituitary  remnant  is  required  to 
maintain  adrenal  weight  than  is  required  to  maintain  gonadal  function 
(11),  the  possibility  that  the  adrenal  atrophy  is  due  to  vascular  damage  to 
the  pituitary  conse(inent  to  injury  to  the  hypophysial  portal  vessels  ap¬ 
pears  to  be  unlikely. 

A  correlation  between  adrenal  atrophy  and  diabetes  insipidus  has  been 
ob.«erved  (10).  In  the  present  series  of  rats  with  adrenal  atrophy,  diabetes 
insipidus  was  generally  presetit ;  however,  six  animals  were  encountered 
with  adrenal  atrophy  aiul  normal  water  turnovers. 

Some  rats  with  atrophic  adrenals  responded  to  unilateral  adrenalectomy 
with  ascorbic  acid  depletion,  whereas  others  did  not.  In  general,  those 
rats  which  failed  to  exhibit  ascorl)ic  acid  depletion  had  more  .severe  dia- 


TaHI.K  :t.  PiTl  ITARY  AC'TH  IN'  RATS  WITH  IIVI'OTHAI.AMIC  LESION'S 


Typ«‘ 

of  rat 

Pituitary  AC’TH 

coutciit 

Pituitary 

weight* 

-Mr.  % 

of  normal 

Mg. 

%  of  normal 

Normal 

riiilatcral  atlronalcctomy 
“.Vcute”  I.c.'iions 

107 

I'il  (78  188) 

78  (5'2-l  10) 

100 

1  18 

78 

7.(1  ±.5  {())’ 

100 

“(^ironic”  1 

l.csioiis 

51  (84- 70)^ 

48 

0.8  ±  .8  (14)=> 

84 

'  Aiitoi'ioi'  L()l)(“  only. 

^  Figures  in  parenthesis  are  95%  confidence  limits. 

’  -Mean  ±S.K.M.;  figures  in  parenthesis  are  the  number  of  pituitaries  weighetl. 

Significant l.v  less  than  the  value  for  any  other  t.vpe  of  rat. 

‘  Significantly  less  than  normal  (P<().()5). 


betes  insipidus  than  those  which  responded  with  depletion.  All  of  the  rats 
failing  to  exhibit  ascorbic  acid  depletion  had  diabetes  insipidus  as  reported 
previously  (10).  Apparently  basal  secretion  rates  of  ACTII  can  be  con¬ 
siderably  reduced,  as  evidenced  by  adrenal  atrophy,  and  yet  ACTH  secre¬ 
tion  in  response  to  stress  maj’  still  occur. 

As  reported  previously,  control  adrenal  ascorbic  acid  concentrations 
were  elevated  above  normal  in  rats  with  either  acute  or  chronic  lesions 
(1,  ()).  Animals  with  acute  lesions  had  either  gained  or  lost  small  amounts 
of  body  weight  since  operation  whereas  tho.se  with  chronic  lesions  had  in¬ 
variably  gained  weight  some  of  them  even  becoming  obese  (1,  fi). 

Pituitary  ACTH  was  determined  in  rats  with  “acute”  and  “chronic” 
le.sions,  and  the  values  were  compared  to  those  obtained  in  normal  rats 
and  those  subjected  to  unilateral  adrenalectomy  one  hour  earlier  (Table  3). 
The  latter  control  group  was  included,  because  all  rats  with  lesions  had 
been  subjected  to  unilateral  adrenalectomy  one  hour  prior  to  sacrifice  in 
order  to  evaluate  the  ascorbic  acid  depletion  from  this  stre.ss.  The  rats 
with  lesions  chosen  for  this  ACTH  a.ssay  had  all  failed  to  show  a  significant 
ascorbic  acid  depletion  one  hour  after  adrenalectomy. 

Pituitary  ACTH  was  not  significantly  altered  by  unilateral  adrenalec- 
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tonu'  in  the  control  rats  and  was  not  significantly  lowered  l)y  “acute” 
hypothalamic  lesions;  however,  the  value  found  in  rats  with  “chronic” 
lesions  was  only  48%  of  the  control  and  was  significantly  lower  than  that 
found  in  any  of  the  other  groups  of  animals.  The  weight  of  the  anterior 
lobe  in  rats  with  “chronic”  lesions  was  also  slightly  less  than  normal,  and 
adrenal  weights  of  this  group  of  animats  were  subnormal. 

Pituitary  .\CTII  content  reflects  a  balance  between  synthesis,  release, 
and  possible  destruction  of  .ACTH  in  situ  (12).  There  is  no  information 
available  on  this  latter  possible  cause  of  decreased  pituitary  AC’TH  con¬ 
tent  in  rats  with  lesions.  Since  these  hypothalamic  lesions  reduce  the  out¬ 
put  of  ACTH  in  response  to  stress  and  also  appear  to  decrease  basal  secre¬ 
tion  of  ACTH,  as  evidenced  by  the  adrenal  atrophy  seen  here,  the  decreas(* 
in  pituitary  .VCTH  is  interpreted  to  mean  a  reduced  rate  of  synthesis  of 
.ACTH  in  rats  with  lesions. 

It  is  of  ijiterest  to  compare  the  results  obtained  in  the  present  experi¬ 
ment  with  those  of  a  previous  study  (2)  (Table  4),  in  which  pituitary 
ACTH  from  adrenalectomized  rats  and  adrenalectomized  rats  with  lesions 
was  determined.  It  can  be  seen  that,  although  pituitary  ACTH  is  approxi- 


TaBI.E  4.  Sl  XIMAKY  OK  DATA  0\  ACTH  CONTENT  OK  KITVITARIES  OK  RATS  WITH  MEDIAN 

EMINENCE  LESIONS 


Normiil 
100  ±2:}% 
Adn*iial(*ctoiniz(‘(i‘ 

200  ±25% 

*  Data  of  McC'aiiii  and  Sydiior  (2). 


Lesions 


48  ±  1 1  % 

Adrenaleetoinizi'd  with  Lesions* 


100  ±  15% 


mately  o0%  of  normal  in  rats  with  lesions,  two  weeks  following  adrenalec¬ 
tomy  it  rises  to  a  value  etpial  to  that  of  normal  rats.  The  content  in  the 
adrenalectomized  rat  with  lesions  is  still  only  one  half  of  that  found  in 
adrenalectomized  animals  without  lesions  where  the  ACTH  content  has 
risen  to  200%  of  control.  Thus,  it  would  appear  that  the  pituitary  of  the 
rat  with  lesions  is  able  to  respond  to  the  decrease  in  blood  corticoids  re¬ 
sulting  from  adrenalectomy  with  an  augmented  synthesis  of  ACTH.  As¬ 
suming  that  these  lesions  completely  eliminate  neural  control  of  the  pitui¬ 
tary,  another  mechanism  of  control  must  account  for  this  residual  effect. 
In  general,  then,  the  “denervated”  pituitary  .synthesizes  and  secretes 
ACTH  at  a  lowered  basal  rate  and  is  unable  to  respond  to  acute  stimuli 
with  augmented  ACTH  discharge,  but  it  retains  at  least  a  partial  abilitj'  to 
respond  to  chronic  influences,  such  as  adrenalectomy,  with  augmented 
synthe.sis  and  relea.se  of  ACTH  (5). 
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HISTOLOGK'AL  ('RANGES  IN  THE  ORGANS  AND  TISSUES 
OF  MIGRATING  AND  SPAWNING  PAC'IFIG  SALMON 
(GENUS  OXCOHHYXCHVSy 

O.  II.  ROBERTSON  and  B.  C.  WKXLER 

l)(  purtment  of  Biologij,  Sfatiford  rtnirrHiii),  Stanford,  Californio 
and  the 

Mag  I nstitate  for  Medical  Research  of  the  Jewish  Hospital  of  Cincinmti 
and  the  Department  of  Pathologg,  Vniversitg  of  Cincinnati  College  of 
Medicine,  Cincinnati.  Ohio 

AHSTRACT 

A  histolojiiral  study  was  made  of  th(“  various  organs  and  tissues  of  tlx* 
I’acific  salmon  at  sucec'ssivc*  stains  of  sexual  maturation  from  tlu'  sea  to  tl’.e 
s|)awninf>;  grounds.  Pronouneed  ehany:es  were  found  in  the  body  struetures  of  the 
spawniiif!;  salmon  i)rior  to  d(“ath.  These  eonsist<‘(l  prineipally  of  degeneration 
with  or  without  atrophy  as  shown  hy  the  stomaeh,  liver.  s|)l(‘en,  thymus,  thy¬ 
roid,  f'onads,  j)itvntary,  kidiu'y  and  eardiovaseular  system.  On  the  contrary, 
ci'rtain  orj^ans  exhibited  hvpertroi)hy  and  hyp<“rplasia,  e.s-.  adrenal,  panereatie 
islets  and  skin.  The  inception  of  .some  of  the  above  changes  was  dc'tected  several 
months  before  full  sexual  maturity,  ('omparison  with  the  histological  altera¬ 
tions  occurring  in  C'ushing’s  syndronu'.  exi)(>rimental  hyi)eradrenocorticism  and 
aging.  suggest(‘d  that  many  of  the  tissue  changes  found  in  the  salmon  could  be 
a.scribed  to  the  effeets  of  hypi'ractivity  of  the  adrenal  gland.  Previous  finding  of 
high  concentrations  of  17-OR('S  in  tin*  jilasma  of  spawning  salmon  lends  sup- 
port  to  this  infenmee. 

A.MONG  tilt'  many  tinu.sual  features  of  the  life  eyeleof  Pacific  salmon  is 
jiX.  the  fact  that  they  all  appear  to  die  of  the  same  eau.se  universal  death 
following;  the  first  spawning  can  he  interpreted  scarcely  in  any  other  way. 
Onset  of  the  lethal  process  is  frequently  evident  before  spawning.  Many 
Pacific  .salmon  at  full  .sexual  maturity  exhibit  obvious  degenerative 
changes,  fungus  infection,  focal  necrosis  of  the  skin,  loss  of  muscular 
strength  and  balance,  but  others  reach  this  stage  in  apparently  good  con¬ 
dition.  Following  spawning,  deterioration  progresses  rapidly,  all  fish  are 
affected,  and  death  ensues  within  a  few  days  to  two  weeks.  Some  .sexually 
ripe  salmon  die  before  spawning.  That  profound  alterations  are  occurring 
in  the  tis.sue.s  at  this  terminal  period  of  the  .salmon’s  life  can  hardly  be 
doubted.  Indeed  striking  degenerative  changes  in  certain  organs  were  de¬ 
scribed  by  Greene  (1)  in  1920.  But  since  his  histological  .studies  were 
limited  in  .scope  and  did  not  include  a  number  of  body  structures,  a  .sy.s- 
tematic  microscopical  examination  of  the  salmon  at  successive  stages  in  its 
sexual  cycle  seemed  to  be  indicated. 
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The  present  eommuniealioii  eonstitutes  a  eoiitinuation  of  our  iiuiuirv 
into  the  nature  of  tlie  post-spawning  deatli  of  tlie  Paeifie  salmon.  In  previ¬ 
ous  papers,  histologieal  changes  in  the  pituitary  gland  and  the  adrenal 
cortical  tissue  were  described  (2,  8,  4).  Both  glands  were  found  to  exhibit 
markedly  increased  activity  (cellular  proliferation  and  hypertrophy)  dur¬ 
ing  gonad  maturation,  followed  at  full  sexual  maturity  by  degeneration, 
more  pronounced  and  constant  in  the  pituitary  than  in  the  adrenal.  The 
latter  was  characterized  by  extensive  hyperplasia.  Study  of  the  other  tis¬ 
sues  and  organs  of  the  spawning  salmon  has  revealed  striking  alterations  in 
Mructure  and  cytology.  The.se  changes  ranged  from  hypertrophy  and  hy¬ 
perplasia  on  the  one  hand  to  atrophy  and  degeneration  on  the  other. 

M.\TERI.\LS  AM)  METHODS 

Sexually  immature  kins  salmon  (0.  tiiciwwijtscha)  with  infantile  gonads  were  eaught 
in  tli<“  sea  in  .Monterey  Hay  and  in  the  open  oeean  just  off  Bolinas  Bay.  Those  with 
gonads  in  varying  stages  of  sexual  maturation  were  secured  at  several  stations  on  the 
Sacramento  River.  Sexually  mature  fish  were  taken  at  the  spawning  grounds  of  the 
-^ame  river.-  Maturing  and  ripe  hlueback  salmon  {().  nerkn  nerka)  wen*  obtained  at 
Ihitiat  on  the  Columbia  River.®  Spawning  kokanee  (0.  nerka  kennerljji)  wen*  caught  in 
Donner  Lake,  California  whih*  immatun*  kokanee  wen*  provid(*d  by  tin*  California  I)e- 
partment  of  Fish  and  (lame  at  their  Lake  Tahoe  hatchery.  total  of  104  king  salmon, 
()  hlueback,  and  12  kokanee  were  studied.^ 

.Vll  skin  sp(*cimens  were  taken  from  the  saim*  gen(*ral  an*a  just  ce|)halad  and  lateral 
to  the  dorsal  fin.  Kidney  sp(*cinu*ns  were  taken  from  the  mid-portion  of  the  kidney.  His¬ 
tological  methods  used  were  described  in  a  i)receding  i)ublication  (5).  .\dditional  si)(*cial 
stains  for  certain  tissues  were  employed;  Heidenhain  iron  hematoxylin  to  bring  out 
granules  in  glandular  and  granulosa  cells  of  the  stomach  and  intestine,  iron  hematoxylin 
azan  for  muscle  fibers,  Masson  trichrome  and  Mallory  technique  for  collagenous  tissues, 
(lomori  aldehyde  fuchsin  stain  counterstained  with  Masson  triciirome  as  (*mployed  by 
-Vbrams  et  al.  (b)  to  bring  out  distinctive  differences  between  the  ali)ha  and  beta  cells 
in  the  islets  of  Langerhans.  Fat  stains  used  were  Sudan  black  B,  Sudan  orange*  and 
Oil  Red  0.® 

‘  To  the  following  m(*mbers  of  the  (’alifornia  l)t*partment  of  Fish  and  (Jann*  wc*  wish 
to  express  our  sineen*  aj)])reciation  for  their  gen(*rous  assistance  in  s(*curing  mat(*rial  for 
this  investigation.  Dr.  .\lex  Calhoun,  .Mr.  Leo  Shapovalov,  .Mr.  .lack  C.  Fraser,  .Mr. 
,\llcn  F.  Rollitt,  .Mr.  Richard  Hallock,  .Mr.  William  Van  Wo(*rt,  .Mr.  .Iann*s  .M  llinzi*, 
.Mr.  Donald  P.  F.vins,  Mr.  Phillip  Murray,  Mr.  .lohn  Riggs,  and  Mr.  T.  .Iam(*s  R(*ady. 
Wc  are  grateful  to  Mr.  .John  Pelnar,  Coleman  Station.  C.  S.  Fish  and  Wildlife  S(*rvice  at 
.Vnderson,  California,  for  his  cooperation  on  repeated  occasions  in  making  available  to 
us  specimens  of  ripe  and  spent  salmon. 

We  wish  to  thank  Mr.  Roger  E.  Burrows,  Director,  Salmon  Cultural  Station, 

S.  Fish  and  Wildlife  Service,  Entiat,  Washington,  for  his  kindness  in  providing  a 
iiumber  of  specimens  of  hlueback  salmon  for  this  study. 

*  For  their  valuable  assistance  in  securing  specimens  on  the  field  trips  we  are  greatly 
obliged  to  Dr.  Sydney  F.  Thomas,  Dr.  Marcus  .\.  Krupp,  Dr.  Cutting  B.  Favour,  all 
of  the  Palo  .\lto  Medical  Research  Foundation  and  to  Mr.  Satoshi  Hane,  Metabolic 
Cnit,  University  of  California  Medical  School,  San  Francisco. 

®  We  are  much  indebted  to  Miss  Janice  Doron  of  the  May  Institute,  Cincinnati  and 
lO  Mr.  John  Daniels  of  the  Department  of  Medicine,  University  of  Chicago,  for  the 
•  xcellent  histological  preparations  on  which  this  study  is  based. 
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ItESULTS 

Skin 

The  skin  of  the  salmon  resembles  in  general  that  of  other  fishes  (7). 
Figure  1,  skin  of  an  immature  sea  salmon,  shows  a  thin  epidermal  layer  be¬ 
low  whieh  is  an  open  reticular  zone  in  which  the  scales  lie.  Next  a  thick 
laminated  stratum  compactum  rests  on  fatty  tissue  and  muscle.  \\’ith  sex¬ 
ual  maturation  the  skin  becomes  much  thicker  (Fig.  2).  This  change  in¬ 
volves  all  three  principal  zones.  The  epithelium  shows  very  active  prolifera¬ 
tion  of  the  germinal  layer,  characterized  by  tall  columnar  cells  (Fig.  4)  as 
compared  with  the  much  smaller  germinal  cells  of  the  immature  fish  (Fig. 
.4).  The  reticular  zone  becomes  solidified.  The  scales  are  deeph’  buried 
below  the  epithelium*’  and  a  2  to  R  fold  thickening  of  the  stratum  com¬ 
pactum  takes  place. 

Comparative  measurements  of  the  skin  of  immature  and  spawning  king 
salmon  showed  an  average  thickness  of  420  n  for  tbo  former  and  1370  m  for 
the  latter.  This  difference  might  be  accounted  for  partly  by  the  larger  size 
of  the  spawiung  .salmon,  however,  immature  and  mature  kokanee  of  similar 
.size  were  found  to  have  skin  thickne.sses  of  21.3  m  and  81G  m  respectively. 
The  skins  of  male  fish  averaged  about  2.5%  thicker  than  those  of  the  fe¬ 
males.  Increasing  thickness  of  the  skin  appears  to  begin  several  months 
before  spawning. 

At  the  same  time  that  active  growth  of  the  skin  epithelium  is  occurring, 
degeneration  of  the  scales  is  taking  place.  So-called  .scale  absorption  (Figs. 
o  and  0)  consists  first  in  disappearance  of  peripheral  circuli  then  loss  of 
scale  substance.  Scales  of  females  showed  less  marked  absorption  than  did 
those  of  the  males. 


Stomach  and  Intestine 

Greene  (8)  has  described  the  anatomy  and  histology  of  the  stomach  and 
intestine  of  the  normal  immature  king  salmon  and  has  reported  on  their 
marked  atrophy  in  the  spawning  fish  (1).  Since  no  one,  as  far  as  we  can 
find,  has  pictured  these  changes,  we  pre.sent  the  accompanying  photo¬ 
graphs  which  illustrate  the  most  conspicuous  alterations.  In  the  spawning 
.salmon  the  stomach  is  greatly  contracted.  Figures  7  and  8  show  the  differ¬ 
ence  in  diameter  of  the  empty  .stomach  of  a  feeding  sea  salmon  and  a  fully 
mature  fish  of  similar  size.  Figures  9  and  10  reveal  in  more  detail  the 
marked  changes  that  have  taken  place  by  the  time  of  spawning.  The  villi 
have  disappeared  leaving  smooth-surfaced  folds  of  the  mucosa.  The  tall 
epithelial  cells  of  the  .sea  salmon  (Fig.  11)  tend  to  become  low  columnar 
and  in  certain  instances  have  shrunken  to  an  almost  cuboidal  shape  (Fig. 

*  It  is  almost  impossible  to  secure  scales  from  sexualh"  mature  salmon  by  scraping 
with  a  knife.  We  have  found  that  a  strip  of  skin  placed  in  2  per  cent  KOH  for  48  to  72 
hours  becomes  so  digested  that  the  scales  are  easily  detached. 
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Fig.  1.  Skin  of  immature  male  king  .salmon  taken  on  siiawniiiK  migration — length 
.10. ")  inelies.  Seales  are  seen  in  the  loose  areolar  tissue  of  the  dermis.  H.  and  E.  X4(). 

Fig.  2.  Skin  of  siiawning  male  kins  .salmon — length  24  inehes.  H.  and  E.  X40 

Fig.  ;L  Epidermis  of  immatun*  .salmon  shown  in  Fig.  1.  (’ells  of  germinal  layer  are 
low  eolnmnar.  H.  and  E.  X22.5. 

Fig.  4.  Epidermis  of  spawning  .salmon  shown  in  Fig.  2.  Shows  marked  proliferation. 
Germinal  eells  high  eolnmnar.  H.  and  E.  X22.i. 

Fig.  5.  Seale  of  an  immature  kokanee.  4  years  of  age.  Unstained  XUL.5. 

Fig.  6.  Seale  of  sjiawning  kokanee,  showing  marked  absorption.  Lower  eaudal  J  of 
scale  has  been  lost  and  peripheral  eireuli  of  remaining  portion  are  disappearing.  Un¬ 
stained  X  H). 


12).  While  the  number  of  epithelial  cells  has  shown  a  very  great  diminution 
they  are  still  intact.  The  stratum  compactum,  a  dense  narrow  band  of  col- 
’.igenous  tissue  which  lies  near  the  outer  margin  of  the  mucosa  is  seen  as  a 
thickened  convoluted  structure  (Fig.  10).  The  heavy  circular  muscle  layer 
i  1  the  spawning  salmon  exhibited  marked  atrophy  and  in  places  fragmen- 


// 


fiG.  I,  C  ross  soction  of  stoniacli  of  an  immature,  sea,  male  king  salmon,  zb  inches 
in  length  in  4th  year  of  age.  Iron,  hematoxylin,  azan.  X2.5. 

P'lG.  S.  ('ross  seetion  of  stomaeh  of  spawning  female  king  salmon  24  inelii's  long,  in 
4th  year  of  age.  Iron,  hematoxylin,  azan.  X2.5. 

Fig.  9.  Higher  magnifieation  of  an  area  of  stomaeh  of  sea  salmon  shown  in  Fig.  7. 
Note  numerous  tall  villi  ami  thiek  miisele  layer.  Iron,  hematoxylin,  azan,  X22. 

Fig.  10.  Higher  magniheation  of  stomaeh  of  spawning  .salmon  shown  in  Fig.  K.  Note 
loss  of  villi  and  thinning  of  nuiseh*  eoat.  Iron,  hematoxylin,  azan,  X22. 

Fig.  1 1.  Epithelial  cells  lining  villi  in  .stomach  of  sea  salmon  shown  in  Fig.  8.  H.  and 
E.  X400. 

Fig.  12.  Epithelial  cell  layer  eovering  surfaee  of  mucosal  folds  shown  in  Fig.  9 
H.  and  E.  X400. 


tation  of  the  muscle  fibers.  Comparative  measurements  of  this  musch 
layer  in  sea  and  sexually  mature  fish  gave  an  average  thickness  of  1510  i. 
for  the  former  and  344  n  for  the  latter.  The  external  or  longitudinal  muscle 
scarcely  visible  in  Figure  9,  has  become  a  much  thickened  zone  in  thi 
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-pawning  fi.sh  (Fig.  10)  marked  hy  rugae.  It.s  composition  is  largely  hyper¬ 
trophied  plexuses  of  Auerbach,  blood  vessels  and  newly-deposited  collag¬ 
enous  tissue.  Scattered  individual  muscle  fibers  are  seen,  some  of  them 
degenerating,  but  it  is  difficult  to  ascertain  whether  or  not  they  are  dimin¬ 
ished  in  number. 

These  changes  in  the  stomach  of  the  migrating  salmon  begin  some  time 
before  spawning.  While  marked  contraction  accompanying  starvation  is 
always  pre.sent  from  the  time  the  salmon  leaves  the  sea,  significant  atrophy 
lias  not  been  ob.served  until  2-3  months  before  full  .sexual  maturity.  During 
the  mid-stage  of  migration  the  eosinophilic  granular  cells  of  the  mucosa  are 
present  in  greater  abundance  than  previously  and  are  heavily  granulated.' 
At  spawning  these  cells  are  pre.sent  in  even  greater  numbers  but  are  le.ss 
heavily  granulated.  Similar  degranulation  is  characteristic  of  the  cells  of 
the  gastric  glands. 

The  changes  occurring  in  the  intestine  and  pyloric  cecae  of  the  spawning 
salmon  are  in  general  like  tho.se  of  the  stomach.  In  addition,  degeneration 
and  desquamation  of  the  epithelium  was  found  in  some  fishes,  the  mucosa 
lieing  replaced  by  a  dense  mass  of  cells,  polymorphonuclear,  mononuclear 
and  multinucleated  giant  cells. 

Liver 

The  principal  differences  between  the  livers  of  fishes  (including  .salmo- 
nids)  and  mammals  is,  (1)  the  ab.sence  of  any  definite  lobulation  in  the 
former  and,  (2)  two-layered  cords  of  cells  instead  of  a  single  layer  char¬ 
acteristic  of  the  mammalian  liver  (12).  During  transition  from  the  sea  to 
the  spawning  grounds  the  liver  of  the  salmon  undergoes  marked  changes, 
before  the  beginning  of  the  spawning  migration  the  liver  cells  accumulate 
a  large  store  of  fat  (Fig.  14).  Prior  to  this  time  the  liver  shows  little  or  no 
fat  deposition  as  judged  by  staining  methods  (Fig.  13). **  The  amount  of 
fat  in  the  liver  diminishes  gradually  as  the  fi.sh  ascends  the  river  and  by  the 
time  of  spawning  it  can  no  longer  be  detected  by  fat  stains.®  The  first  evi¬ 
dence  of  degenerative  change  in  this  organ  was  found  in  salmon  with  well- 
developed  gonads,  circa  fi  weeks  to  2  months  before  spawning.  This  con¬ 
sisted  chiefly  of  alterations  in  the  nuclei  which  were  irregular  in  shape  and 
size;  the  chromatin  was  coarse  and  consisted  of  granules  rather  than 

■  (Ireeno  (9)  believes  that  these  cells  may  be  a  source  of  lipase.  Bolton  (10)  considers 
the  granulosa  cells  to  be  mast  cells.  However,  Weinreb  and  Bilstead’s  (11)  histochemical 
studies  of  these  cells  indicated  that  they  were  not  mast  cells. 

*  Fat  storage  would  appear  to  depend  largely  on  the  kind  of  food  taken.  Just  before 
migration,  salmon  f»‘ed  actively  on  fat-rich  pilchards  and  anchovies.  The  varying  kinds 
of  food  found  in  the  stomachs  of  salmon  off  the  California  coast  during  difftTcnt  seasons 
of  the  year  has  been  reported  by  Merkel  (13). 

*  This  may  not  be  true  of  salmon  spawning  in  short  coastal  streams.  We  know  of  no 
studies  on  the  fat  content  of  the  livers  of  such  fishes. 
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Fig.  13.  Livit  of  sexually  immature  sea  kinfi;  salmon.  H.  and  E.  X900. 

Fig.  14.  Liver  of  sexually  immature  kinn  salmon  at  l)ef!;inninf!;  of  siiawniuK  migration. 
Liver  cells  loaded  with  fat  droph'ts  of  varyiiifr  size.  H.  and  E.  X90().  Presence  of  fat 
corroborated  by  stain  with  Suilan  oranffe. 

Fig.  L).  Liver  of  male  kin^  salmon  with  well-develoiied  testes.  Would  probably 
sjiawn  within  one  to  two  months.  Shows  b(‘f!:innin}j;  dej^eneration  of  cidls.  H.  and  E. 
XO(M). 

Fig.  lb.  Liver  of  sjient  kokanee  taken  from  Donner  Lake*.  Markial  i>;eneralized  de- 
fjeneration  of  hejiatic  cells.  IL  and  E.  X9()(). 

threads.  The  size  of  the  nuclei  was  unchanged.  However  the  cells  had  be¬ 
come  somewhat  smaller  giving  the  appearance  cf  a  greater  number  of 
nuclei  per  unit  area  of  liver  substance.  In  addition  the  cytoplasm  of  many 
cells  exhibited  a  moth-eaten  aspect  and  here  and  there  nuclei  were  disin¬ 
tegrating  (Fig.  15). 

With  full  sexual  maturity  and  spawning  cellular  degeneration  had  be¬ 
come  pronounced.  The  amount  of  cytoplasm  was  diminished  and  what 
remained  was  irregularly  distributed  in  small  ma.sses  giving  the  cell  a 
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curtUed  appearance.  The  nuclear  changes  varied  from  the  beginning  dis- 
turliances  descril)ed  al)ove  to  intense  pycnosis,  fading  of  nuclear  outlines 
and  complete  dissolution  (Fig.  Ih).  Considerable  variation  in  the  intensity 
of  the  degenerative  changes  was  ob.served  in  individual  fish.  The  most  con¬ 
stant  marked  liver  deterioration  was  found  in  kokanee.  No  changes  in  the 
supporting  tissues  of  the  liver  were  observed. 

Kidney 

The  structure  of  the  kidney  of  salmonid  fishes  resembles  that  of  the 
iiiammal  except  for  the  absence  of  loops  of  Ilenle  and  the  presence  of  a 
large  number  of  lymphoid  cells  in  the  parenchyma.  Beginning  evidence  of 
degenerative  change  in  the  kidney  was  found  in  fourth  year  sea  salmon  with 
gonads  still  very  small  and  undeveloped.  This  consisted  of  incipient  but 
definite  glomerular  capillary  sclerosis  and  some  thickening  of  Bowman’s 
capsule.  Second  and  third  year  fish  did  not  show  these  changes.  AVith  pro¬ 
gression  of  the  migration  and  maturation  of  the  gonads  the  changes  were 
more  frecpiently  seen  in  third  year  as  well  as  fourth  year  fish.  Full}'  ma¬ 
ture  and  spawning  salmon  (including  several  second  year  fish  grilse)  all 
showed  kidney  degeneration.  Clomerulo-capillary  sclerosis  was  often  pro¬ 
nounced,  frecpienth'  obliterating  the  lumen  of  the  capillaries  (cf.  Figs.  17 
and  18).  This  was  usually,  associated  with  a  much  thickened  Bowman’s 
capsule.  AA'ith  progression  of  the  process  the  glomerular  tuft  was  trans¬ 
formed  into  a  mass  of  hyaline-like  material.  Occasionally  a  very  large 
fibrosed  glomerulus  was  observed.  In  some  fish  the  glomeruli  were  greatly 
dilated,  edematous,  and  the  capillary  tuft  shrunken  (Fig.  19). 

Most  spawning  fish  showed  relatively  mild  deterioration  of  the  tubules 
coiusisting  of  vacuolization  of  the  lining  cells,  some  loss  of  cytoplasm  and 
occasional  disappearance  of  nuclei.  In  some  instances  more  marked  tubular 
degeneration  was  present  (Fig.  20).  This  was  focal  in  distribution.  AVhile 
the  tubules  were  often  filled  with  finely  granular  material  there  was  no  sug¬ 
gestion  of  casts.  Scattered  patches  of  edema  and  hemorrhage  were  found 
in  several  fish.  The  number  of  lymphoid  cells  in  the  kidney  parenchyma 
was  considerably  diminished  in  the  spawning  salmon. 

Spleen 

The  spleen  of  teleost  fishes  differs  from  that  of  mammals  principally  in 
two  respects;  first,  there  are  no  germinal  centers,  the  Ijmphoid  tissue  is 
diffuse  and  intimately  mingled  with  the  red  pulp  (14);  and  second,  the 
connective  tissue  framework  is  much  less  evident.  Beginning  change  in 
'pleen  histology,  as  indicated  by  increase  in  the  connective  tissue  stroma, 
was  found  in  migrating  salmon  while  the  gonads  were  still  in  the  early 
"tages  of  development.  AA'ith  progressive  gonad  maturation,  diminution  in 
!  lie  number  of  lymphoid  cells  and  further  increase  in  fibrous  tissue  occurred. 
Vt  full  sexual  maturity  the  lymphocytes  showed  marked  depletion  to  com- 
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Fig.  17.  Kidney  of  immature  sea  king  salmon  showing  normal  glomerulus.  H.  and  E. 
X40(). 

Fig.  is.  Kidney  of  migrating  king  salmon  with  devcdoping  ovaries,  exhibits  marked 
eai)illary  glomeruloselerosis.  H.  an<l  E.  X400. 

Fig.  19.  Kidney  of  s|)awning  king  salmon  grilsi*  shows  marked  edema  and  eompres- 
sion  of  glomerular  tuft.  H.  and  E.  X400. 

Fig.  20.  Kidney  of  sjiawning  king  salmon  showing  degeneration  of  tubules.  H.  and 
E.  XtOO. 

plete  disappearance;  tliere  was  an  increa.se  in  the  number  of  large  mono¬ 
nuclear  cells,  free  and  fixed  and  newly-formed  connective  tissue  occupied  a 
considerable  portion  of  the  spleen  substance  (Figs.  21  and  22).  Necrosis 
was  found  in  only  one  out  of  10  spleens  of  spawning  fish  and  this  was  focal 
in  distribution.  No  particular  difference  was  noted  in  the  amount  of  blood 
in  the  spleen  between  .sea  and  spawning  salmon.  Pigment  granules  wen 
not  ob.served  in  fish  with  immature  gonads,  and  were  infrequent  in  salmon 
nearing  spawning.  In  ripe  and  spawning  fish  they  were  present  const  ant  1\ 
but  few  in  number. 

Thymus 

W'liile  the  thymus  in  fish  and  mammals  has  a  common  origin  in  the  wah 
of  the  brancheal  clefts,  in  the  former  it  remains  an  integral  part  of  tlu 
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epithelium  where  it  can  he  seen  as  an  opaque  white  hean-siiaped  structure 
located  at  the  angle  of  the  operculum  and  the  dorsal  body  musculature. 
The  histological  features  have  been  described  by  Deansley  for  the  trout 
^  (15)  and  by  Hafter  for  Astijonax  (10).  This  tissue  in  the  immature  salmon 

I  consi.sts  of  a  superficial  zone  composed  of  1-2  layers  of  flattened  epithelial 

‘ells  and  2-4  layers  of  large  mucus-secreting  cells  which  cover  a  densely 
packed  mass  of  small  thymocytes  (Fig.  23).  A  thick  connective  tissue  cap- 
'Ule  separates  tlie  thymus  from  the  mu.scle.  In  the  thymic  tissue  there  oc¬ 
curs  an  occasional  accumulation  of  light-staining  cells  with  relatively  large 
»  vesicular  nuclei,  arranged  concentrically  about  a  lumen  which  occasionally 


h  Fig.  21.  Spleen  of  immature  sea  king  salmon.  Pulp  composed  chiefly  of  small  lym- 

I  phocytes,  very  little  fibrous  tissue.  H.  and  E.  X750. 

E  Fig.  22.  Spleen  of  spawning  king  salmon.  Small  lymphocytes  rare,  many  large  nuclei, 

p  fibrous  tissue  abundant.  H.  and  E.  X750. 

I  Fig.  23.  Thymus  of  immature  sea  king  salmon  in  4th  year  of  age.  Densely  packed 

'i  layer  of  thymocytes.  H.  and  E.  XI 10. 

Fig.  24.  Thymus  of  spawning  king  salmon  grilse  in  2nd  year  of  age.  Thymic  tissue 
has  shrunk  to  a  narrow  superficial  layer.  Thymocytes  have  practically  disappeared. 
H.  andE.  XIOO. 
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contained  amorphous  material.  Similar  structures  have  been  described  it 
the  mammalian  thymus  (17).  Has.sel’s  corpuscles  were  not  detected.  Thi 
corresponds  with  Deansley’s  and  Hafter’s  findings. 

Involution  of  the  thymus  was  ob.served  in  one  fourth  year  sea  salmon 
Two  others  of  the  same  age,  however,  showed  a  thick  layer  of  thymocyte 
as  did  the  younger  fish.  Most  of  the  migrating  fish,  including  second  and 
third  year  .salmon  exhibited  a  pronounced  diminution  in  the  number  ol 
thymocytes,  which  were  replaced  in  part  by  mononuclear  cells  and  an  in¬ 
creased  number  of  goblet  cells.  This  resulted  in  reduced  thickness  of  tla* 
gland.  W  henever  involution  was  occurring  a  single  row  of  cuboidal  or  low 
columnar  cells,  contiguous  with  the  basement  membrane,  was  present. 

Marked  thymic  iiumlution  wasifound  in  all  16  spawning  salmon  ex¬ 
amined  including  four  .second  year  fish  (grilse)  (Fig.  24).  Thymocytes  wer(‘ 
often  rare  or  even  apparently  absent.  Measurements  of  the  thickness  of 
the  thymus  gave  averages  of  427  m  for  the  .sea  salmon,  144  n  for  the  migrat¬ 
ing  and  82  n  for  th.e  spawning  fish.  By  the  time  of  .spawning  the  row  of  cell> 
on  the  basement  layer,  noted  above,  had  taken  on  the  appearance  of  fibro¬ 
blasts. 

These  observations  suggest  that  involution  of  the  thymus  in  the  salmon 
is  a.s.sociated  both  with  aging  and  the  process  of  .sexual  maturation. 

Pancreas 

As  in  most  other  teleost  fishes  the  pancreas  of  the  salmon  is  a  diffu.se 
gland  present  in  fragments  situated  principally  between  the  pyloric  cecae. 
The  islets  of  Langerhans  are  found  in  the  exocrine  or  zymogenous  tissue. 
In  the  sexually  immature  sea  .salmon  with  infantile  gonads  the  islets  arc 
small  and  very  few  in  number  (Fig.  2.5).  Fat  in  considerable  quantities 
was  present  in  the  pancreas  of  .some  of  the  .sea  fish  examined,  ab.sent  in 
others.  This  difference  apparently  depends  on  the  time  of  year  and  the 
kind  of  food  being  eaten  as  indicated  in  di.scussing  the  pre.sence  of  stainablc 
fat  in  the  liv’er. 

Increase  in  the  number  and  size  of  the  i.slets  occurred  on  the  spawning 
migration.  Whether  this  paralleled  the  degree  of  gonad  maturation  is  not 
clear  but  hypertrophy  of  the  islets  was  more  marked  in  those  fish  nearing, 
the  time  of  spawning  than  it  was  at  earlier  stages.  In  fullj’  mature  and 
spawning  .salmon  the  i.slets  of  Langerhans  were  relatively  large  and  abun¬ 
dant  (Fig.  26).  The  average  size  of  the  largest  islets  found  in  the  .sea  fish  wa- 
89  M  in  diameter  while  tho.se  of  the  spawning  fish  mea.sured  .5.54  ju.*®  Barely 
was  a  large  islet  encountered  in  a  sea  salmon.  Accompanying  islet  hyper¬ 
trophy  was  a  diminution  in  the  amount  of  zymogenous  tissue  but  the  re¬ 
maining  cells  appeared  normal  and  contained  many  large  deep  staining 
granules.  In  most  ca.ses  fat  had  largely  di.sappeared  from  the  pancreatii 
tissue  by  the  time  of  full  sexual  maturity. 

Grccno  (1)  stated  that  the  islets  were  more  prominent  in  spawning  than  in  imma 
ture  salmon  hut  did  not  consider  this  to  he  hypertrophy. 
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Fig.  25.  Section  of  pancreas  of  ininiature  sea  .salmon  containing  small  i.slet  of  Lant'cr- 
lians.  Paraldehyde,  azan  X4().  Enlarged  inset  (X175)  shows  cellular  structure  of  islet. 

Fig.  20.  Pancreatic  tissue  of  spawning  king  salmon — contains  many  hypertrophied 
islets,  (fomori  aldehyde  fuchsin  X40. 

Fig.  27.  Islet  of  Langerhans  stained  with  (lomori’s  aldehyde  fuchsin  and  counter- 
stained  with  Masson  technique.  Shows  deep  staining  (heavily  granulated)  beta  cells 
surrounded  by  alpha  cells,  largely  degranulated.  X400. 

Fig.  2S.  Thyroid  tissue  of  immature  .sea  king  salmon  showing  increased  follicular 
activity — cell  height  13  /u.  H.  and  E.  XI 75. 

Fig.  29.  Thyroid  of  spent  king  salmon.  Follicle  cells  flattened;  about  1  fx  in  thickness. 
H.  and  h).  XI 75. 

Fig.  30.  Different  area  of  same  thyroid  as  Fig.  29,  showing  degeneration  of  follicles. 
H.  and  E.  X40(). 
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Ill  the  spawning  salmon  two  types  of  islet  cells  were  clearly  distinguish¬ 
able,  deep-staining,  well-granulated  beta  cells  and  the  much  lighter-staining 
mostly  degranulated  alpha  cells  (Fig.  27).  The  former  outnumbered  the 
latter.  While  these  two  cell  types  were  le.ss  often  detectable  in  the  immature 
seafish,  where  the  distinction  could  be  made,  the  alpha  cells  seemed  to  be 
predominant.  Alpha  and  beta  cells  have  been  described  in  a  number  of 
fishes  (18)  including  rainbow  trout  (11). 

Degenerative  changes  in  the  islets  of  Langerhans  were  uncommon  in  the 
spawning  salmon  but  were  observed  in  an  occasional  fish,  and  consisted  of 
rupture  of  cell  membrane  and  loss  of  granules  of  both  alpha  and  beta  cells. 

Th  If  raid 

Histologically  the  thyroid  showed  evidence  of  progressive  decrease  in 
activity  during  the  spawning  migration.  Measurements  of  follicle  cell 
height  in  ten  king  .salmon  taken  in  the  sea  and  at  the  entrance  to  the  river, 
gave  an  average  of  0.5  m-  The  greatest  cell  height  occurred  in  a  sea  fish, 
namely  13  ^  (Fig.  28).  Ten  migrating  fish  with  gonads  in  various  .stages  of 
maturation  showed  a  follicle  cell  height  of  4.4  n  while  13  spawning  and 
spent  salmon  averaged  2.9  ju.  The  size  of  the  follicles  did  not  show  much 
variation  from  .sea  to  spawning  ground  nor  did  the  amount  of  colloid  in 
them.  However  in  two  salmon  showing  follicle  cell  heights  above  the  aver¬ 
age  one  in  the  sea  and  one  well  up  the  river  the  colloid  was  much  di¬ 
minished  and  vacuolated. 

Atrophy  and  degeneration  involving  varying  numbers  of  follicles  were 
found  in  all  thyroids  of  spawning  fish.  lOvidence  of  degeneration  was  more 
clearly  discernible  in  the  less  atrophic  follicles.  This  ranged  from  loss  of 
cytoplasm  to  disruption  of  the  follicle  wall  and  ultimate  disappearance  of 
the  entire  structure  (Figs.  29  and  30). 

(rounds 

Trsics.  I'^xamination  of  the  testes  of  .salmon  at  varying  stages  of  matura¬ 
tion  showed  no  evidence  of  any  appreciable  degenerative  change  up  to  the 
time  of  full  .sexual  maturity,  however,  in  the  spawning  fish  marked  de¬ 
generation  was  present.  This  has  been  described  in  the  testes  of  sockey(' 
salmon  by  Wei.sel  (20).  We  have  found  similar  changes  in  the  king  .salmo!i 
and  kokanee,  i.e.  vacuolization,  lo.ssof  cytoplasm,  caryolysis  and  complete 
disintegration  of  the  cells  lining  the  lobule  walls  which  we  believe  compri.se 
both  spermatogonia  and  Leydig  cell  analogues  (Figs.  31  and  32).*' 

'*  Wo  havo  not  to.stod  for  tho  prosonce  of  lii)i(ls  in  those  oolls  of  tho  salmon,  hut  in  a 
forinor  study  of  rainbow  trout,  osmio  aoid  fixation  of  tho  tostis  of  spawning  st(*(“llioad 
(anadroinous  rainbow  trout)  rovt'alod  an  intonso  oonoontration  of  lipid  niatorial  in  tin' 
lobuh'-boundary  oolls  whioh  rosoinblod  tin*  mammalian  Lc'vdin  ooll  both  in  tho  morphol¬ 
ogy  ami  lipid  content  (19).  Tho  process  of  gonad  maturation  in  tho  Pacific  .salmon  is 
similar  to  that  occurring  in  rainbow  trout. 


^  Fig.  31.  Testis  of  salmon  taken  near  spawning  ground.  Not  quite  sexually  mature, 

f  ('ontents  of  lobule  eonsists  of  both  spermatids  and  spermatozoa.  Cells  lining  wall  of 

lobule  are  Levdig-eell  lioniologues.  Two  eidls  show  a  small  single  eeeentrie  nueleolus 
charaeteristic  of  these  cells.  Xo  spermatogonia  are  present.  H.  and  E.  Xo.iO. 

Fig.  32.  Testis  of  sjient  salmon.  Empty  lobules  have  collapsed.  Walls  greatly  thiek- 
i  ened.  Oils  lining  lobule  walls  show  marked  degenerative  change.  H.  and  E.  XooO. 

I  Ovaries.  As  in  the  case  of  the  testes,  no  degenerative  changes  were  de¬ 

tected  in  the  ovaries  before  spawning.  After  ovulation  the  cells  of  the 
granulosa,  both  still  attached  to  the  follicle  wall  and  desquamated,  showed 
various  stages  of  degeneration  from  vacuolization  to  loss  of  nuclei,  to  com¬ 
plete  dissolution.  In  several  instances  a  few  small,  normal  appearing,  nu- 
>  cleated  immature  ova  were  present.  Weisel  (21)  found  many  such  oiicytes 
in  the  spent  ovaries  of  sockeye  salmon  of  Flathead  Lake,  as  well  as  what 
appeared  to  be  typical  definitive  germ  cells.  We  did  not  find  any  cells  simi¬ 
lar  to  oogonia  in  king  .salmon. 

Other  Tissues 

Musele.  The  principal  change  in  the  body  musculature  of  salmon  is  the 
massive  storage  of  fat  before  beginning  the  spawning  migration,  which  has 
been  de.scribed  by  (Jreene  (9).  This  fat  is  gradually  used  up  and  by  the 
time  of  spawning  .scarcely  an}’  remains.  Other  than  this  no  histological 
changes  in  the  great  lateral  muscles  have  been  detected.  However,  degener¬ 
ation  of  individual  fibers  is  present  in  the  masseter  muscle  (9).  This  consists 
of  pallor  of  the  fiber,  apparent  fusing  of  the  fibrils,  vacuolization  and  finally 
complete  disappearance  of  the  fibrils.  The  cross  striations  are  lost. 

Cardio-vascular  system,  \^'idespread  deteriorative  changes  of  various 
kinds  were  found  in  the  cardiovascular  system,  comprising  degeneration 
of  the  heart  muscle,  intimal  proliferation  of  the  coronary  arteries,  thicken- 
4  ing  of  the  systemic  artery  walls  with  alterations  in  all  three  coats.  A  de- 

i  scription  of  these  changes  will  be  given  in  a  separate  communication. 
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DISCUSSION' 

How  is  tlie  foregoing  array  of  histological  changes  exhibited  hy  the 
spawning  salmon  to  he  interpreted?  In  view  of  the  marked  hyperplasia  of 
the  adrenal  cortical  tissue  present  in  the  sexually  mature  fish  (^I)  and  the 
accompanying  greatly  increased  concentration  of  17-hydroxycorticoster- 
oids  found  hy  Hane  and  Hohertson  (22)  to  he  present  in  the  spawning 
salmon’s  blood,  it  would  seem  possible  that  the  observed  changes  reflect 
the  catabolic  effects  of  these  adrenal  steroids.  The  change  in  concentration 
of  17-()HCS  from  the  sea  to  the  spawning  grounds  represented  an  increase 
of  as  much  as  7-fold.  The  average  in  spawning  females  was  79  mK-  %,  in 
males  31  mS-  %•  If  hyperadrenocorticism  is  the  principal  cause  of  the  dete¬ 
rioration  of  the  spawning  salmon  one  might  expect  to  find  pathological 
changes  similar  to  those  exhibited  by  human  patients  suffering  from 
Cushing’s  syndrome,  the  only  other  condition  known  in  which  continuous 
high  concentrations  of  17-OHCS  persist  over  considerable  periods  of  time. 
However,  another  po.ssibility  should  be  considered,  namely,  aging.  Spawn¬ 
ing  signals  the  termination  of  the  Pacific  salmon’s  life  cycle  and  the  de¬ 
generative  manifestations  of  the  fish  at  this  time,  both  external  and  in¬ 
ternal,  do  suggest  in  certain  respects  the  occurrence  of  a  very  rapid  .-senes¬ 
cence.  While  there  is  no  information  available  on  histological  changes  in 
.‘Senile  fish,  the  various  tissues  and  organs  of  aging  mammals,  including 
man,  have  been  studied  extensively. 

In  order  to  bring  out  the  similarities  and  differences  in  histological 
changes  between  spawning  salmon  and  Cushing’s  .syndrome  plus  experi¬ 
mental  hyperadrenocorticism  on  the  one  hand  and  aging  proces.ses  on  the 
other,  pertinent  data  are  presented  in  Table  1.  Space  limitation  has  nece.'s- 
sitated  a  very  brief  description  of  the  type  of  change.  Its  general  nature  is 
indicated  with  particular  reference  to  the  kind  of  alteration  occurring  in 
the  same  organs  of  the  salmon.  Furthermore,  in  this  condensed  tabulation 
it  has  been  impossible  to  designate  degree  of  histologic  change.  Our  findings 
would  indicate  that  the  changes  occurring  in  the  spawning  salmon  are, 
with  the  exception  of  those  of  the  cardiovascular  .system,  more  pronounced 
and  generalized  than  are  the  corresponding  ones  found  in  Cushing’s  .syn¬ 
drome,  experimental  hyperadrenocorticism  or  aging. 

In  comparing  the  changes  found  in  Cushing’s  .syndrome  with  those  oc¬ 
curring  in  the  spawning  .salmon,  one  finds  striking  resemblances  as  well  as 
certain  dissimilarities.  Hyperplasia  of  the  adrenal  cortical  tissue  and  de¬ 
generative  changes  in  the  pituitary  are  present  in  both-  the  latter  are 
much  more  pronounced  in  the  salmon  than  in  the  human  being  with  Cush¬ 
ing’s  disease.  Other  internal  organs  which  exhibit  pathological  alterations 
in  patients  with  Cushing’s  syndrome  are  also  found  to  be  affected  in  the 
spawning  salmon  and  for  the  most  part  with  the  same  type  of  histologic 
change.  Depletion  of  lymphocytes  found  in  the  spleen  and  thymus  of  the 
salmon  has  been  otherwise  described  only  in  the  latter  organ  in  Cushing’s 
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Table  1.  IIistolooical  chanoes  ix  spawnixc.  salmon,  cushixg’s  syndrome,  experi¬ 
mental  HYPERADREXOCORTICISM  AND  AGING 


Spawnins  salmon 

('nshing’s  syndrome 

Kxperimental  hyper- 
adrencHMUticism 

Aging  in  mammals 
and  man 

lii'iial 

hyperplasia  and 
degeneration 

hyp<‘rplasia  (4B)  and 
tnmor.s 

hy|>erplasia 

sliftlit  atrophy  (23,  24) 

•  tiitary 

deeeneiatioii  (2) 

hyaline  change  in  baso¬ 
phils  (45) 

minimal  degeneration 
(25,  26) 

degeneration  (25,  44) 

livn 

depletion  of 

lyinpluM’ytes, 

Hbrosi.s 

no  reported  change 

depletion  of  lympho¬ 
cytes  (27) 

atrophy,  depletion  of  lym¬ 
phocytes,  tibro.Ms  (28,  20) 

;ynins 

involution,  deple¬ 
tion  of  thymocytes 

invohition,  (55)  occasion¬ 
al  tumor 

depletion  of  thym(M*yte8 
(30,  27) 

involution  (31) 

liver 

degeneration 

occasional  fatty  degen¬ 
eration  (55,  54) 

no  ehantte  (32) 

slight  dogenoration  (34,  33) 

i;  (liwy 

d<‘K*‘neiution 

degeneration  (47,  55) 

degeneration  (50,  46) 

atrophy  and  degeneration 
(56.  57) 

1  Micivas 

hypertrophy  of 
islets 

tiyiKTlropliy  of  islets  var¬ 
iable  (47; 

hypertrophy  of  ish*ts 
(6) 

no  distinctiy(‘  change 

.'^foinacli 

atrophy  and  de¬ 
generation 

occasional  ulcers  (52) 

atrophy  of  epithelium 
and  occasional  ulcers 
(45) 

no  change 

1  liyioid 

atrophy  and  de¬ 
generation 

atrophy  of  follicular  epi¬ 
thelium  (47) 

atrophy  of  follictilar  epi¬ 
thelium  (45) 

involution  (58) 

( :..nad'< 

degeneration  of 
testes 

utiupliy  (3‘.l,  47) 

degeneration  (40) 

atrophy  and  degem'iation 

MiiM’le 

degeneration  of 
masseter 

atrophy  (51) 

no  change 

atrophy 

( 'aidi<>“Vas<Milar 

degeneration  and 
bt'ginniiig  arterio¬ 
sclerosis 

arteriosclerosis  (4B) 

arteriosclerosis  (41) 

arteriosclerasis 

Skin 

hypiTlrophy 

atrophy  (39) 

atrophy  (42) 

mostly  atrophy;  in  some 
regions  hypertrophy  (54) 

.syndrome.  However  in  experimentally  produced  hyperadrenocortici.sm,  con¬ 
spicuous  lymphocyte  depletion  has  been  shown  to  take  place  in  both  spleen 
and  thymus.  Changes  in  the  skin  are  quite  different  in  spawning  .salmon  and 
the  Cushing’s  patient-  hypertrophy  in  the  former,  atrophy  in  the  latter, 
riius,  except  for  the  skin  the  histologic  picture  presented  by  the  spawning 
salmon  re.sembles  that  occurring  in  mammals  subjected  to  high  concentra¬ 
tions  of  17-hydroxycorticosteroids,  either  natural  or  experimental.  Pro¬ 
longed  starvation  which  characterizes  the  salmon  on  its  spawning  migration 
may  well  accentuate  the  degenerative  processes.  An  organ  such  as  the 
liver,  which  appears  to  be  quite  resistant  to  the  catabolic  (or  antianabolic) 
effects  of  adrenal  corticosteroids  in  the  experimental  feeding  aiumal,  may 
react  quite  differently  under  conditions  of  starvation.  That  inanition  of 
itself  causes  marked  histological  changes  has  been  brought  out  by  Baker 
(l.‘i)  who  showed  that  many  of  the.se  alterations,  principally  atrophy  and 
degeneration,  are  similar  in  nature  to  the  changes  induced  by  experimental 
liypercorticism. 

Comparison  of  the  histological  changes  in  spawning  .salmon  with  those 
found  in  old  animals  reveals  a  general  similarity  except  for  the  ab.sence  of 
ftdrenal  hyperplasia  and  the  lack  of  alteration  in  the  stomach  and  pancreas. 
">  Idle  in  most  old  animals  the  liver  shows  very  little  change,  senile  rats 
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have  been  found  to  exhibit  definite  deteriorative  processes  (83).  Modifica¬ 
tions  in  the  histology  of  some  organs  in  aging  mammals,  e.g.  the  kidney, 
would  seem  to  he  chiefly  secondary  to  degenerative  changes  in  the  blood 
vessels  (3fi).  However,  atrophy  of  other  tissues,  skin,  muscle  and  gonad.- 
appear  to  occur  in  the  absence  of  any  marked  local  vascular  change. 

The  evidence  which  we  have  presented  would  suggest  that  the  histo¬ 
logical  changes  pre.sent  in  the  .spawning  .salmon  bear  a  clo.ser  re.semblancc 
to  those  occurring  in  Cushing’s  syndrome  and  experimental  hyperadreno- 
corticism  than  to  those  taking  place  in  aging  tissues.  However,  the  fact  that 
so  many  of  the  changes  occurring  in  hyperadrenocorticism  and  aging  arc 
similar,  raises  the  question  as  to  the  possibility  of  a  common  factor  operat¬ 
ing  in  both  conditions.  The  po.s.sible  relationship  of  adrenal  cortical  hor¬ 
mones  to  aging  has  been  discu.s.sed  at  length  by  Solez  (48)  who  pointed  out 
the  numerous  aspects  of  premature  aging  exhibited  by  patients  witlrCush- 
ing’s  syndrome.  However,  in  relation  to  the  salmon  we  believe  that  it  would 
be  unwise  to  draw  more  than  very  tentative  inferences  concerning  analogies 
between  aging  processes  and  degenerative  changes  in  the  spawning  salmon 
until  we  have  learned  .something  about  the  characteristics  of  senile  fish 
tissues. 
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PRODUCTION  OF  HYPERTENSION  IN 
AI)RENALE(TOMIZED  RATS  GIVEN 
HYPERTONIC  SALT  SOLUTION 
TO  DRINIC 

MELVIN  .1.  FHE(JLY 

I  )t  port  me  tit  of  Phiii^iologn,  College  of  Medieine,  I'niversitg  of  Florida,  (laiiienrille,  Floridi 

ABSTHAC'T 

The  adrenal  glands  of  the  rat  do  not  appear  to  be  neeessary  for  developnu'iit 
of  hypertension  indueeil  by  administration  of  hypt'rtonie  XaCl  solution  as 
drinking  fluid.  Systolic  blood  |)ressures  of  these  rats  beeame  elevated  within  3 
to  8  weeks  after  treatment  began.  The  lowest  eoneentration  of  salt  solution 
which  significantly  elevated  blood  pressure  was  1.75%.  Renal  hypertrophy  ac¬ 
companied  the  elevated  blood  pressure  in  most  cases  and  cardiac  hypertro|jhy 
in  some  cases.  The  life  span  of  the  adrenalectomized  rats  receiving  hyp«‘rtonic 
salt  solution  to  drink  was  less  than  that  of  untreated  adrenalectomized  rats. 

IT  HAS  been  e.stal)Ii.shed  without  que.stion  that  ingestion  of  exee.ssive 
amounts  of  .sodium  ehloride  produces  hyperten.sion  and  renal  lesions  in 
rats  whether  the  sodium  chloride  is  ingested  by  way  of  food  or  fluid  (l-Ii)- 
It  .seems  rea.sonable  to  implicate  the  adrenal  cortex  as  a  contributor  to  this 
type  of  hypertension  in  view  of  its  well  known  role  in  the  maintenance  of 
electrolyte  balance.  However,  Brandt  et  al.  (4)  observed  that  rats  made 
hypertensive  by  administration  of  2%  sodium  chloride  solution  for  6  weeks 
and  then  adrenalectomized,  did  not  manifest  a  fall  in  blood  pressun'. 
Hence,  it  seems  unlikely  that  the  adrenal  glands  play  a  significant  role  in 
the  maintenance  of  this  type  of  hypertension. 

The  studies  described  here  were  performed  to  determine  whether  hyper¬ 
tension  could  be  induced  in  adrenalectomized  rats  given  hypertonic  sodium 
chloride  solutions  to  drink.  When  it  was  establi.shed  that  this  was  possible, 
a  further  objective  was  to  determine  the  lowe.st  concentration  of  sodium 
chloride  solution  which  would  produce  hypertension  in  adrenalectomized 
rats. 


METHODS 

Four  sc|)arate  experiments  were  performed  eaeh  of  which  utilized  male  rats  of  tl  c 
Holtzman  strain.  All  animals  were  kept  in  a  thermoregulated  room  maintained  i:t 
25  ±  1°  ('  and  illuminated  from  8  a.m.  to  (5  p.m.  The  food  used  in  all  experiments  w  s 
Purina  laboratory  chow.  The  drinking  fluid  was  always  a  sodium  chloride  solution,  tl  c 
concentration  of  which  varied  from  experiment  to  experiment  and  will  be  described  b  - 
low  for  each  experiment.  Blood  pressures  were  measured  by  the  microphonic  manoi.i- 

Received  July  20,  1959. 

‘  Supported  by  a  grant  from  the  American  Heart  Association. 
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tor  toohniquo  (5)  but  without  anesthesia  as  described  earlier  (6).  Other  teehniques  perti- 
lent  to  each  experiment  will  be  described  below. 

•■.'.rperiHifHt  / 

Ten  a«lrenaleetomized  rats  weiKhing  330  to  350  sin-  "ere  used.  Immediately  after 
(Irenalectomy  each  rat  was  placed  in  an  individual  cage  and  given  choice  between 
ater  and  0.9%  XaCl  solution  as  drinking  fluids.  Completel}’  adrenaleetomized  rats  are 
veil  known  to  manifest  a  spontaneous  appetite  for  XaCl  solution  (7-9).  When  it  was 
ertain  that  tin*  spontaneous  salt  appetite  was  present  in  each  rat,  measurement  of 
)od  and  fluid  intakes  began.  These  measun'inents,  including  body  weight,  wen*  made 
.aily  throughout  the  3  week  control  period  and  during  the  first  9  weeks  of  the  experi- 
aeiit.  From  the  13th  w(‘ek  on,  intakes  were  measun'd  every  other  week. 

Systolic  blood  pressure  was  measured  once  during  the  control  period  and  weekly 
lu'reafter.  At  the  end  of  tin*  control  period  5  of  the  10  rats,  chosen  at  random,  were 
..iven  2%  XaCl  solution  as  their  sole  drinking  fluid  (Group  1).  The  remaining  5  rats 
(Iroup  2)  were  given  0.9%  XaC'l  solution  as  their  sole  drinking  fluid.  Ground  Purina 

1  how*  was  used  as  food  for  all  rats  during  the  experiment.  The  types  of  food  and  fluid 
containers  used  have  been  described  in  d(‘tail  previously  (10). 

.\t  the  end  of  the  10th  experimental  week,  the  group  of  rats  (Group  1)  which  was 
given  2%  XaCl  solution  to  drink  was  switched  to  0.9%  Xa(fl  .solution  while  Group  2, 
which  was  given  0.9%  XaCl  solution  to  drink,  was  switched  to  2.0%  XaCl  solution. 
All  measurements  continued  as  before.  At  the  end  of  the  19th  experimental  week, 
Group  2  was  returned  to  0.9%  X'aCl  solution  as  drinking  fluid.  During  weeks  20  to  2S, 
all  rats  were  given  choice  between  0.9%  X'aC'l  solution  and  distilhal  water  as  drinking 
fluids.  The  experiment  ended  on’ the  2<Sth  week. 

Experiment  2 

1’his  experiment  was  performed  to  confirm  and  extend  the  results  of  Exp.  1  in  which 
a  2.0%  X^aCl  solution  was  observi'd  to  produce  an  elevation  in  the  blood  pressure  of 
adrenaleetomized  rats.  Twenty-five  rats  were  used;  all  were  adrenaleetomized.  They 
were  divided  into  two  groups.  Group  1  consisted  of  12  rats  and  Group  2  of  13.  During  a 

2  week  control  period,  all  rats  were  given  choice  between  0.9%  X"aCl  solution  and  water 
to  drink  to  test  completeness  of  adrenalectomy  as  in  Exp.  1.  Blood  pressures  and  body 
weights  were  measured  weekly  during  control  period  and  throughout  the  15  week  ex¬ 
perimental  period.  .\t  the  end  of  control  period,  Grouj)  1  received  0.9%  X^aCl  solution 
anil  Grou])  2  received  1.9%  Xa('l  solution  as  tlu'ir  .sole  drinking  fluid.  The  ex])eriment 
was  terminated  after  15  weeks. 

Experiment  3 

The  third  experiment  was  carried  out  to  extend  the  results  of  the  second  ex])eriment 
ill  which  1.9%  XaCl  solution  produced  an  eh'vation  of  blood  jiressure  in  adrenaleetom¬ 
ized  rats.  This  was  deemed  necessary  in  view  of  the  fact  that  relatively  few  rats  in 
F.xp.  2  had  survived  the  15  week  experimental  period.  In  the  third  experiment  three 
groups  of  rats  were  used.  Group  1  contained  10  normal  rats  while  Groups  2  and  3  were 
eomposed  of  10  adrenaleetomized  rats  each.  During  a  two  week  control  period,  all  rats 
ere  given  choice  between  water  and  0.9%  XaC'I  solution  to  drink  to  assess  complete- 
l  ess  of  adrenalectomy  in  the  rats  of  Groups  2  and  3.  Blood  pressures  were  measured 
eekly  during  control  period  and  throughout  the  19  week  experiment. 

*  Analysis  of  Purina  chow  by  wet  ashing  with  nitric  acid  and  measurement  of  sodium 
•id  potassium  concentration  by  flame  photometry  revealed  a  sodium  content  of  132.4 
’  lEq./kg.  food  and  a  potassium  content  of  220.3  ml’hp/kg.  food. 
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At  the  end  of  the  control  period.  Groups  1  and  2  were  given  0.9%  NaCl  solution  am 
Group  3  was  given  1.75%  XaC'l  solution  as  sole  tlrinking  fluid.  The  e.\|)eriinent  eon 
tinned  until  the  11th  week  when  1.9%  XaGl  .solution  was  substituted  for  the  1.75^, 
XaCl  solution  giv(>n  Grouj)  3  previously.  The  rats  wen*  maintained  on  1.9%  N’aGl  solu 
tion  for  the  nunainder  of  experiment. 

Beginning  the  ISth  week  all  rats  were  anesthetized  with  |)entol)arl)ital  sodiun 
(30  mg.  kg.,  intraperitoneally)  and  blood  pressures  measured  as  before  to  compart 
with  blood  |)ressun‘s  measured  when  the  rats  were  unanesthetized.  At  the  end  of  tin 
ISth  week  all  rats  wer(“  subjected  to  a  cold  expt'riment.  C'ompletely  adnmalectomizeti 
rats  are  unable  to  maintain  their  body  temix'ratures  as  long  as  normal  rats  when  re¬ 
strained  and  exposed  to  air  at  5°  (’  (11).  (’onsmpiently.  they  cool  at  a  signiflcantly  fastei 
rate,  riie  rats  were  restrainc'd  as  described  in  detail  i)reviously  (11,  12)  and  a  copper- 
constantan  thermocou|)le  was  inserted  5  cms.  into  the  colon.  The  thermocouple  was  led 
off  to  a  potentiometer  which  recorded  the  temi)erature  at  one  minute  intervals.  After 
a  control  ireriod  in  air  at  25°  ('.  rats  were  placed  in  air  at  5°  ('  until  their  colonic  tem¬ 
peratures  fell  to  2(i°  ('  at  which  time  they  were  freed,  removed  from  the  cold  and  re¬ 
warmed  artificially.  Colonic  cooling  rates  (°  (’  hr.)  were  used  to  compare  resjronses  to 
cold  among  the  groups  since  the  relationship  between  colonic  tiunperature  and  time  i> 
approximately  linear  within  the  range  of  colonic  temperatures  used  here;  i.e.,  3S  to 
20°  C  (12,  13). 

Experiment  3  was  terminated  at  the  <‘nd  of  the  19th  week.  All  remaining  rats  were 
sacrificed  at  this  time  by  ether  inhalation  and  carefully  examim'd  for  any  possible  re¬ 
maining  adrenal  tissue.  Heart,  kidneys,  testes.  j)rostate.  seminal  vesicles,  thyroid  and 
thymus  glands  were  removed,  drained  of  blood  or  fluid,  blotted  and  weighed  on  a  torsion 
balance.  Organ  weights  are  (‘xpn'ssed  on  a  body  weight  basis;  i.e..  mg./lOO  gm.  body 
weight. 

Experiment  -i 

The  fourth  experiment  was  performed  to  determiiu'  more  precisely  tlu'  lowi'st  con- 
c(*ntration  of  XaCl  .solution  which  would  produce*  an  elevation  in  blood  |)ressure  over  a 
13  wee'k  expc'rimental  period.  'I'liirty  adrenalectomized  rats  were  used.  These  rats  wen* 
adrenalectomized  one  week  jjrior  to  beginning  the  experiment  and  were  given  choice 
between  1.0%  XaCl  solution  and  distilled  water  as  drinking  fluids  to  assess  complete¬ 
ness  of  adrenalectomy  as  in  Exp.  1.  .\11  rats  received  ground  Purina  laboratory  chow  as 
food.  Food  and  fluid  intakes  and  body  weight  were  measured  daily  tJiroughout  the 
ext)eriment  while  blood  jjressure  was  measuri*d  weekly.  .Vt  the  end  of  the  control  p(  - 
riod  the  rats  were  divided  at  random  into  5  groups  which  received  the  following  XaCl 
solutions  as  their  sole  drinking  fluhls:  Group  1.  0.90%;  Group  2.  1.25%;  Group  3, 
1.50%;  Group  4.  1.75%,  and  Group  5,  2.00%.  There  were  5  rats  i)er  group  in  the  fir.-t 
4  groups  and  10  rats  in  the  5th  group.  Measurements  contimu'd  for  13  weeks  at  the  en<l 
of  which  the  experiment  was  terminati'd.  .\11  rats  remaining  at  the  end  of  experiment 
were  sacrificed  by  ether  iidialation  and  examined  can'fully  for  completeness  of  adrenale*  - 
tomy.  The  same  organs  were  removed  as  described  in  Exp.  3.  These  were  weighed  on  i 
torsion  balance  and  ratio  of  organ  weight  to  body  weight  calculatc'd  for  each  orgai  . 
Simultaneous  means  of  data  taken  from  control  and  experimental  groups  were  con  - 
pared  using  the  “t”  test  for  the  95%  confidence  limit  (14). 

RESULTS 

Experiment  1 

Administration  of  2%  XaCl  .solution  to  adrenalectomized  rats  of  Grou  ) 
1  re.sulted  in  a  rise  in  blood  pressure  first  detectable  6  to  7  weeks  later  an  1 
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Eio.  I.  TIi('  uiipcr  part  of  this  figure'  illustratos  moan  systulio  hluod  pressures  tlirough- 
uiit  the  experiment  for  the  two  groups  of  adrenaleetomized  rats  used.  ±  1  standard 
error  is  set  off  at  eaeli  mean.  See  text  for  explanation  of  this  figure.  The  lowc'r  i)art  of 
this  figure  illustrate's  im'an  hotly  weiglit  of  tlie  two  groups  of  adrenaleetomized  rats  u.sed. 

'igiiificantly  higlicr  than  that  of  coiitrol.s  during  the  8tli  week  (Fig.  1). 
Blood  pres.sure  of  rats  receiving  0.9%  XaCl  solution  was  not  affected. 
When  salt  solutions  were  switched  at  the  end  of  the  10th  week,  mean  sy.^t- 
olic  blood  pressure  of  rats  which  had  received  2%  XaCl  solution  (Group  1) 
ell  transiently  but  returned  to  previous  high  levels  the  following  week.  The 
mean  systolic  blood  pressure  of  rats  in  Group  2,  which  was  switched  to  2% 
VaCl  solution  at  the  end  of  the  10th  week,  began  to  rise.  The  first  detect- 
ible  ri.se  occurred  within  1  week  after  administration  of  2%  XaCl  solution, 
'lean  systolic  blood  pressure  level  of  this  group  ro.se  to  levels  of  170  to  17.") 
nm.  Hg  within  R  weeks.  At  the  end  of  the  19th  week.  Group  2  was  given 
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0.9%  XaCl  solution  in  place  of  2%  XaCl  solution.  It  was  oh-served  again 
that  blood  pressure  level  fell  during  the  next  two  weeks  but  returned  to 
previous  high  levels  during  the  following  two  weeks.  Blood  pressure  re¬ 
mained  elevated  thereafter.  Thus,  2%  X"aCl  solution  produced  an  elevation 
of  blood  pressure  in  both  groups  of  rats.  The  elevated  pressure  failed  to  re¬ 
turn  to  normal  levels  even  though  the  concentration  of  the  salt  solution  was 
returned  to  isotonicity. 

The  lower  graph  of  Figure  1  illustrates  that  growth  of  the  rats  receiving 
2%  X’aCM  solutif;  was  retarded.  When  this  hypertonic  .solution  was 
switched  to  the  isotonic  solution,  growth  rate  accelerated.  The  sodium  in¬ 
gested  (niKq.  100  gm.  BW  day)  during  each  period  of  the  experiment  is 
shown  in  Table  1.  Data  from  (Iroup  1  are  shown  on  the  left  and  tho.se  from 
(Iroup  2  are  shown  on  the  right  of  table.  Total  fluid  intake  and  virtual 
.sodium  concentration  are  al.so  shown  for  each  group.  The  latter  is  calcu¬ 
lated  as  (total  sodium  intake,  total  fluid  intake  XlOOO)  and  is  expressed  as 
mFq.  liter. 

During  the  3  week  control  period  (weeks  —3  to  —1  inclusive),  all  rats 
showed  a  spontaneous  XaCl  appetite  and  were  considered  completely 
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(iroup 

1 

(iroup  2 

Nil  intake 

Total  Huid 

Virtual 

N:i  intake  Total  fluid 

Virtual 

(inK(i. /lOO  ^lu. 

intake 

Na 

(mK(i./100  Kill-  intake 

Na 

HW/day) 

(ml. /1 00 
Kin. 

intake 

lUV/day)  (ml. /1 00 

intake 

P  ITl  • 

COIH*. 

Week 

:  Food 

Fluid  Total 

HW/day) 

inK(i./l. 

Food  Fluid  Total  BW/day) 

mKq./l. 

Choice  of  0.9%  \n('l  noln.  and  water 

Choice  of  0.9%  XaCl  soln.  and  water 

0.81 

2 .48  8 . 29 

18.1 

182 

0.78  8.44  4.22  28.7 

178 

_2 

0.79 

2.48  8.22 

17.5 

184 

0.82  8.42  4. ‘24  28.5 

180 

-I 

0.74 

2.42  8.10 

17.8 

188 

0.80  8. -27  4.07  22.0 

180 

2%  XaCl  soln 

.  given  (no  choice)  Week  1 

0.9%  XaCl  soln.  given  (no  choice) 

1 

0.07 

o .  85  (> .  .52 

10.9 

880 

0.72  2.79  8.51  18.0 

189 

2 

0.(i:t 

0.04  0.07 

17.5 

881 

0.77  2.78  8.55  18.5 

192 

0.00 

.5.94  0..54 

17.2 

880 

0.05  2.01  8. '20  17.4 

187 

o 

0.01 

0.00  7.27 

19.8 

877 

0.08  2.40  8.08  10.0 

189 

7 

0.00 

0.14  0.74 

17.8 

879 

0.08  2.80  2.98  15.8 

192 

0..58 

0.82  0.90 

18.8 

877 

0.09  1.95  2.04  18.0 

208 

0.9%  XaCl  xoln.  (jiren  (no  choice) 

to 

2%  XaCl  soln.  given  (no  choice) 

i:t 

0.74 

1.97  2.71 

18.1 

•207 

0.87  5.52  5.89  10.0 

808 

1.5 

0.58 

1 . 07  2 . 25 

11.1 

208 

0 .55  5 . 07  5.02  14.7 

882 

17 

0.00 

1.98  2.. 58 

12.8 

202 

0.51  0.11  0.()2  17.7 

874 

19 

0..50 

1.80  2.42 

12.0 

202 

0.55  0.89  0.94  18.5 

875 

0.9%  XaCl  soln.  given  (no  choice) 

21 

0.01 

2.22  2.88 

14.8 

198 

1.05  2.70  8. -29  17.8 

185 

2:i 

0.00 

1.97  2.57 

12.7 

■202 

1.88  1.78  2.45  11.5 

218 

Choice  of  0.9%  XaCl  soln. 

and  water  IFeeA'  26' 

Choice  of  0.9%  .\aCI  .soln.  and  water 

2(i 

o.o:t 

1,10  1.78 

10.1 

171 

1.'28  0.84  1.48  8.7 

170 

27 

0.01 

1.17  1.78 

10.8 

105 

1.12  0.92  1.48  8.4 

170 
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(Irenalectomized.  The  total  sodium  intake  was  relatively  consistent  within 
ach  group  but  approximately  1  mlup  TOO  gm.  BW/day  higher  in  (boup  2 
han  in  (Jroup  1.  The  virtual  intake  concentrations  of  the  two  groups,  how- 
ver,  are  nearly  identical.  When  2%  XaCl  solution  was  given  to  Group  1 
weeks  1  through  9),  total  sodium  intake  more  than  doubled  while  total 
Tiid  intake  remained  near  control  levels.  Similar  results  were  ob.served 
hen  Group  2  was  given  2%  XaCl  solution  to  drink  (weeks  10  through  19). 
"hus,  doubling  total  sodium  intake  and  virtual  sodium  intake  concentra- 
ion  above  levels  ob.served  during  the  control  period  was  accompanied  by 
11  elevation  in  blood  pre.ssure. 

'•'xpvrimcnt  2 

A  slightly  lower  concentration  of  XaCl  solution  (1.9%)  than  was  used  in 
l]xp.  1  increased  blood  pressure  significantly  within  4  to  o  weeks  after  initi- 
.ition  of  treatment.  Blood  pressure  continued  to  rise  until  about  the  11th 
.veek  of  experiment.  Thereafter,  blood  pre.ssure  level  remained  relatively 
constant  (Fig.  2A).  Blood  pre.ssures  of  rats  receiving  0.9%  X"aCl  solution  to 
drink  were  not  affected. 

Body  weights  of  the  two  groups  of  rats  were  similar  throughout  the  ex¬ 
periment  (Fig.  2B). 

Forty-six  per  cent  (G  of  IT)  of  the  rats  receiving  1.9%  XaCl  solution  as 
I  heir  sole  drinking  fluid  survived  10  weeks  of  this  regimen.  By  the  end  of 
the  experiment  (lo  weeks)  2T%  remained  (Fig.  2C)  while  50%  of  the  rats 
!cceiving  0.9%  X^aCl  solution  to  drink  .survived  the  experiment.  Though 
too  few  rats  survived  to  test  for  completeness  of  adrenalectomy,  all  rats 
used  had  a  XaCl  appetite  at  the  beginning  of  the  experiment. 

Experiment  3 

The  blood  pre.ssure  of  adrenalectomized  rats  receiving  1.75%  XaCl  solu¬ 
tion  in  their  diet  showed  an  observable  ri.se  above  the  level  of  adrenalecto- 
inized  rats  within  G  to  7  weeks  after  initiation  of  the  salt  treatment  (Fig. 
TA).  Blood  pres.sure  reached  a  level  of  approximately  155  mm.  Ilg  and 
tended  to  remain  at  this  level.  When  1.9%  was  substituted  for  1.75% 
XaCl  solution  (week  11),  blood  pressures  ro.se  to  approximately  1G2  mm. 
Ilg  within  2  weeks.  Blood  pressures  remained  at  this  level.  The  difference 
l)etween  the.se  two  blood  pres.sure  lev’els  was  not  statistically  significant. 
Vdrenalectomized  rats  receiving  0.9%  XaCl  solution  to  drink  maintained 
■t  blood  pressure  level  of  140  to  145  mm.  Hg  throughout  the  experiment, 
blood  pre.s.sure  level  of  control  non-adrenalectomized  rats  varied  from  145 
I  o  1.50  mm.  Hg. 

Control,  non-adrenalectomized  rats  grew  at  a  faster  rate  than  either  of 
the  other  two  groups  (Fig.  TB).  Adrenalectomized  rats  given  1.75%  XaCl 
olution  to  drink  grew  at  the  slowest  rate.  Adrenalectomized  rats  receiving 
).9%  XaCl  solution  to  drink  grew  at  an  intermediate  rate. 
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Fig.  2.  A.  Mean  systolic  blood  prps.sures  of  adrenalcetomizod  rats  (X)  given 
XaCl  solution  as  their  sole  drinking  fluid,  and  adrenalectomized  rats  ( •)  given  0.9^i 
XaCl  solution  as  their  sole  drinking  fluid  are  shown  throughout  the  experiment.  + 1 
standard  error  is  set  off  at  each  mean. 

B.  Mean  Body  weight  of  the  two  groups  of  rats  throughout  the  experiment. 

C.  Per  cent  survival  of  the  two  groups  of  rats  throughout  the  experiment. 

F'ifty  per  cent  (o  of  10)  of  the  adrenalectomized  rats  receiving  the  hyper¬ 
tonic  salt  solution  to  drink  were  alive  at  the  end  of  experiment  (Fig.  3C). 
This  inerea.sed  .survival  rate  above  that  of  Exp.  3  is  attributed  to  initiating 
the  experiment  with  1.75%  XaCl  solution  and  then  increasing  the  salt  con¬ 
centration  to  1.9%.  By  far  a  greater  mortalitj'  (20%  of  the  original  group 
occurred  after  initiation  of  1.9%  XaCl  solution  as  the  sole  drinking  fluic 
than  occurred  when  1.75%  XaCl  solution  was  given.  Seventy  per  cent 
(7  of  10)  of  the  adrenalectomized  rats  receiving  0.9%  XaCl  solution  tc 
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Fig.  3.  A.  Mean  systolic  lilood  pressures  of  adreualectoiuized  rats  receiving  1.75% 
N’aCl  (X)  and  0.9%  XaC'l  solution  (())  as  their  sole  drinkiui'  fluid  are  shown  throuf>;h- 
oiit  the  e.xpi'riinent.  Rlood  jiressun's  of  a  non-adnuialectoinized  sro'ip  receiviiiff  0.9% 
.\a('l  solution  (0)  as  its  soh'  drinkinfi;  fluiil  an*  also  shown  throughout  the  experiuu'ut. 

•  1  standard  error  is  set  olT  at  each  lueaii. 

H.  Mean  body  weights  of  the  three  groups  of  rats  throuf^hout  the  experiment. 

R('r  cent  survival  of  tlu'  three  f^roiips  of  rats  throuf^hout  tin*  (‘X|)eriinent. 

'Ifink  survived  the  experiment  wliile  all  control,  non-adrenalectornized 
lats  survived  the  same  period. 

During  the  last  week  of  the  experiment,  all  rats  were  subjected  to  a  cool- 
i  ig  test,  the  results  of  which  are  shown  in  Table  2.  Hoth  groups  of  adrenal- 
t  tomized  rats  had  significantly  lower  colonic  temperatures  prior  to  expo- 
^  ire  to  cold.  Both  groups  of  adrenalectomized  rats  cooled  significantly 
f  ister  than  control,  non-adrenalectomized  rats.  These  results,  taken  to- 
i.  ther,  strongly  suggest  that  the  rats  were  completely  adrenalectomized. 
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Tabi.e  2.  Colonic  coolixo  rates  and  initial  colonic  temi'erati  res 

OF  RATS  rsEl)  IN  EXPERIMENT 


Experimental 

grotip 

Xo. 

of 

rats 

Mean 

hodv 

wt. 

(gin.) 

Initial  colonic 
temp.  (°  C)  1’. 

Colonic  cooling 

2  rate  (“  C'/l>r.)  1’ 

%  increas( 
in  ('CH 
above 
controls 

Control  + 

10 

400 

38.3+0.l>—  -1 

1. 50+0. 20  • - 

_ 

0.9%  XaCl  Soln. 

.\drex  + 

8 

453 

.05' 

37.0+0.2  - - 

<.01  ! 

3.82+0.32  « - 1 

145% 

0.0%  XaCl  Soln. 

.\(lrex  + 

1.75%  XaCl  Soln. 

7 

410 

<  .01 

37.7±0.1  « -  - 

<  .01 

3.03+0.42 

133% 

*  ±  standard  error  of  mean. 

*  I’rohabilitj'  value. 


Three  of  7  adrenaleetomized  rats  receiving  hypertonic  salt  solution  to 
drink  died  within  2  days  after  the  cooling  test.  One  adrenaleetomized  rat 
receiving  isotonic  salt  solution  to  drink  also  died  within  1  day  after  cooling. 

At  the  beginning  of  the  ISth  week,  blood  pressures  were  measured  on  all 
rats  while  anesthetized.  The  results  appear  in  Hgure  8A  as  the  blood 
pressures  for  week  IS  of  the  experiment.  It  may  be  observed  that  the  blood 
pressure  levels  measured  while  the  rats  were  anesthetized  compare  favor- 
ablj’  with  those  taken  immediately  before  and  after  when  the  rats  were  not 
anesthetized.  Hence,  the  elevated  pressure  of  rats  receiving  hypertonic  salt 
solution  to  drink  does  not  appear  to  be  maintained  by  neurogenic  stimuli. 

All  adrenaleetomized  rats  which  died  during  the  experiment  as  well  as 
those  sacrificed  at  the  end  of  the  experiment  were  autopsied  and  examined 
carefully  for  po.ssible  adrenal  tissue.  In  none  of  these  rats  was  any  adrenal 
tissue  observed  grossly.  The  organs  removed  at  autops}-  were  weighed  and 
the  ratios  of  organ  weight  to  body  weight  appear  in  Table  3.  Either  isotonic 
or  liypertonic  XaCl  solution  increased  significantly  ratio  of  heart  weight  to 
body  weight  above  that  of  control,  non-adrenalectomized  rats.  Ratios  of 
kidney  weight  to  body  weight  and  testis  weight  to  body  weight  were  sig- 


Table  a.  Organ  weight  tg  body  weight  ratio  of  certain  organs 
OF  THE  RATS  IN  EXPERI.MENT  3 


KxptTimental 

No. 

Mean 

body 

Organ  w 

eight  to  body  weight  ratio  (mg. 

100  gm. 

B\V): 

rats 

(uni.) 

Heart 

Kidneys 

Tesle.s  i 

vesicle's 

Prostate 

Thyroid 

Thymus 

.Adn-ii. , 

l•onfr^ll +0.9^  NaCI 
Soln. 

10 

480 

811.3 
±  2.3 . 1 

758.0 

±23.2 

138.4 
±  10.5 

139.6 

±7.9 

4.5 

±0.8 

54.2 

±3.9 

11.6 

±1.2 

Adrex  -‘-0.9*'^  NaCl 
iSoln. 

10 

387 

.36:{.5* 

±13.6 

‘H)6.0 

±40.7 

865.5 

±47.4 

129.9 

±7.3 

112.3 

±8.5 

8.6** 

±0.8 

6.3.1 

±7.2 

— 

Adrex NaCl 
Soln. 

6 

.3.36 

371.8* 
±  14.9 

1035.7** 

±61.9 

979.2* 
±74  6 

158.6 

±11.2 

137.7 

±8.2 

8.5** 

±1.0 

62.3 

±8.7 

— 

1  r  1  standard  t*rror  of  mean 
♦  Sijjnitioantlv  different  from  controls  (P<.05). 

**  Difference  from  controls  highly  significant  (P<.01). 
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lificantly  increassed  al)ove  levels  of  control  rats  hy  treatment  of  adrenal- 
ctomized  rats  with  l.7o%  XaCl  solution.  Ratio  of  thyroid  weight  to  body 
reiglit  was  increased  significantly  hy  salt  treatment  in  both  groups  of 
drenalectomized  rats.  Other  organs  were  not  influenced  by  the  treatment. 

Thus,  NaCl  solutions  ranging  from  1.75  to  1.9%  are  able  to  elevate  blood 
iiessure  of  adrenalectomized  rats  significantly  above  that  of  control  rats 
eceiving  0.9%  NaCl  solution.  An  increased  heart  size  and  thyroid  size 
ere  ob.served  in  both  groups  of  adrenalectomized  rats.  The  group  re- 
eiving  the  hypertonic  NaCl  solution  had  an  increased  kidney  size  as  well 
s  an  increased  testicular  .size. 

i  'xperimcnt  4 

Blood  pressures  of  adrenalectomized  rats  receiving  0.90,  1.25  or  1.50% 
.saCl  solutions  as  their  sole  drinking  fluids  tended  to  ri.se  somewhat  with 
time  although  the  rise  was  slight  in  all  ca.ses  except  that  of  the  rats  re¬ 
ceiving  1.50%  NaCl  solution  (Fig.  4A).  During  the  last  4  weeks  of  experi¬ 
ment,  blood  pressure  of  this  group  reached  levels  of  about  150  mm.  Hg. 
However,  variability  of  blood  pre.ssures  within  this  group  was  large.  In 
part  B  of  Fig.  4  are  shown  the  blood  pressures  of  adrenalectomized  rats  re¬ 
ceiving  1.75  or  2.00%  NaCl  solutions  to  drink.  Blood  pre.s.sures  of  the  rats 
receiving  0.90%  NaCl  solution  to  drink  are  shown  for  reference.  Both 
groups  receiving  hypertonic  salt  solution  to  drink  showed  elevations  of 
blood  pre.ssure  ob.servable  8  to  4  weeks  after  initiation  of  treatment.  Blood 
pre.ssures  of  both  groups  continued  to  rise  in  a  similar  fashion  and  reached 
levels  of  165  to  170  mm.  Hg  by  end  of  experiment. 

Table  4  illustrates  the  mean  daily  total  sodium  intake,  total  fluid  intake 
and  virtual  sodium  intake  concentration  of  each  group  of  rats  for  the  18 
week  experimental  period.  The  total  sodium  intake  increased  with  in¬ 
creasing  concentration  of  NaCl  solution.  The  sodium  ingested  by  way  of 
food  remained  relatively  con.stant  from  group  to  group.  Total  fluid  intake 
was  similar  from  group  to  group  excepting  tho.se  rats  receiving  2.00% 
NaCl  solution.  Their  virtual  sodium  intake  concentration  was  similar  to 
that  of  the  rats  receiving  1.75%  NaCl  solution.  The.se  two  groups  also 
showed  similar  rises  in  blood  pressure. 

Administration  of  2.00%  NaCl  solution  to  adrenalectomized  rats  in  this 
(‘xperiment  was  accompanied  by  a  large  mortality.  Six  of  10  rats  were  dead 
by  the  11th  week  of  the  experiment.  Two  of  5  rats  receiving  1.50%  NaCl 
.'olution  died  during  the  5th  week  of  the  experiment. 

The  rats  which  died  during  the  experiment  as  well  as  those  sacrificed  at 
t!ie  end  were  autopsied  and  examined  carefully  for  possible  adrenal  tis.sue. 
None  was  found  in  these  rats.  Of  the  organs  removed  and  weighed  only  the 
l  idneys  of  rats  receiving  1.50  and  2.00%  NaCl  solution  to  drink  were  sig- 
1  'ficantly  greater  than  tho.se  of  control  adrenalectomized  rats  receiving 
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Fig.  4.  Mciin  systolic  Flood  jircssurcs  of  adrciiaicctoinizcd  rats  receiving  0.90^,' 
XaCl  solution  (♦);  1.25%  XaCl  solution  (A)  imd  1.50%  X'aC’l  solution  (())  as  tlicii- 
sole  drinking  fluid  arc  shown  throuj^hout  the  expcriincnt.  ±  1  standard  error  is  set  off  at 
each  mean. 

H.  Mean  .systolic  Flood  pressure  of  adrenaleetoinized  rats  receivinji;  0.90%  Xa('l  solu¬ 
tion  (#):  1.75%  XaCl  solution  (A)  mid  2.00%  XaCl  solution  (())  as  their  sole  drinkini; 
fluids  are  shown  throughout  the  expiuiment.  ±  1  standard  error  is  set  off  at  each  mean. 


().U%  XaCl  solution  (Table  5).  It  may  be  noted  that  thyroid  size  tended  to 
inerease  in  the  hypertonic  salt-treated  groups.  There  was  considerabli' 
variability  of  thyroid  size  within  each  group  and  the  differences  from  tin* 
level  of  control  adrenalectomized  rats  were  not  significant.  However,  the 
re.sults  appear  to  bear  out  those  observed  in  hXp.  3  with  respect  to  the 
thyroid  gland.  In  hXp.  3  comparison  was  made  between  thyroid  size  of 
adrenalectomized  rats  receiving  either  0.1)  or  1.9%  XaCl  solution  with  tha' 
of  non-adrenalectomized  rats  receiving  0.9%  X’^aCl  solution  to  drink.  Hot: 
groups  of  adrenalectomized  rats  showed  significant  increases  in  thyroid 
size.  The  adrenalectomized  rats  of  Kxp.  4  ail  had  thyroid  glands  which  wei  • 
significantly  larger  than  those  of  non-adrenalectomized,  control  rats  (' 
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Table  4.  Mean  sodum  intakes  of  5  ORori’s  ok  ADRENALErTOMizEi)  rats  given 

I’l  RI.NA  CIIOW  AS  FOOD  AND  DIFFERENT  roNTENTRATIONS  OF 


XaCl  SOLI  Tio.N 

TO  DKIN'K 

Hxperiniontal 

group 

Mean  Xa  intake 
(mEtp/lOO  gm.  H.W./day)' 

Total  fluid 
‘  intake 

ml./ 100  gm. 

nW/day) 

X'irtual  Xa 
intake  cone. 
(niEq./l.) 

Body  weight 
(Sin.) 

h'ood 

Fluid  Total 

Initial 

Final 

•.»)%  XaUl 
(171  mE(|./l.) 

0.71 

2.20  2.07 

13.2 

225 

334 

424 

•.'5%  X.af’l 
(214  mEtj./l.) 

0.07 

3.05  3.72 

14.2 

2()2 

343 

442 

.-,()%  XaUl 
(25()  mlOtp/l.) 

0 . 72 

4.03  1.75 

15.7 

303 

337 

4752 

75%  XaCl 

130(1  inEq./l.) 

0 . 07 

4.20  1.03 

11.2 

347 

318 

402 

2.00%  XaCl 
(342  mEq./l.) 

0.03 

10.51  11.14 

30.8 

302 

302 

352’ 

‘  Mean  for  the  13  week  experimiMital  period. 

-  Two  rats  died  during  the  5th  experimental  week. 

’  Six  of  10  rats  were  dead  by  the  11th  experimental  week. 


Exp.  3  but  similar  to  those  of  the  adrenalectomized  rats  of  Exp.  3.  It  is 
interesting  that  the  presence  of  adrenal  glands  should  inhibit  the  increase 
in  thyroid  size  attendent  upon  treatment  with  XaCl  solutions, 

DISCUSSION 

Admini.stration  of  hypertonic  NaCl  solution  as  the  .sole  drinking  fluid  to 
adrenalectomized  rats  is  accompanied  by  a  rise  in  systolic  blood  pres.sure 
which  occurs  within  3  to  S  weeks  after  treatment  begins.  The  lowest  con¬ 
centration  of  salt  solution  which  significantly  elevates  blood  pre.ssure  ap¬ 
pears  to  be  1.7o%  (Fig,  3).  It  is  po.ssible  that  administration  of  lower  con¬ 
centrations  for  longer  periods  of  time  will  also  result  in  blood  pressure  ele- 


Tabi.e  5.  Organ  weight  to  body  weight  ratio  of  certai.n  organs 
OF  THE  RATS  IN  EXPERI.ME.NT  4 


Exponinontal 

{iroup 

No. 

rats 

Moan 

body 

ysX. 

(pill.) 

Organ  weight  to  body 

weight  ratio  (ing.  UK)  gm.  H\V): 

Heart 

Kidneys 

Testes 

S.  vesieles 

Prostate 

Thyroid 

Thyiiitis 

It  iMI'V  NaCl 

.5 

424 

309,0 

765 . 8 

821.6 

142.5 

128,1 

8.14 

67.4 

± 15. 4‘ 

±17.5 

±85.0 

±  14.0 

±  13.8 

±0.88 

±8.2 

l  NaCl 

.5 

442 

315.7 

760.8 

747.0 

181.1 

1.55.0 

9.31 

77.2 

±9.7 

±39.4 

±16.7 

±11.7 

±5.3 

±1.19 

±8.8 

I  . 50%  NaCl 

5 

47.5 

308.8 

862.7* 

799.2 

145.6 

165.5 

11.36 

67.0 

±  19.0 

±34.4 

±75.0 

±16,3 

±31.5 

±1.20 

±9.9 

;  .7.5%  NaCl 

5 

402 

.300.5 

8.55.4 

980.1 

142.0 

132.3 

10.36 

.52.1 

±7.9 

±38.7 

±47.9 

±10.2 

±21.8 

±0.77 

±2.3 

J  .nO%  NaCl 

6 

.1,52 

372,2 

991.6*' 

957.0 

151.2 

152.0 

11. .50 

62.8 

±37.2 

±62.5 

±95.4 

±20.1 

±21.1 

±2.11 

±11,0 

'  ±  1  Standard  error  of  mean. 

‘Difference  from  control  (0.90%  NaCl  group)  significant  (P<.05). 
*'  Difference  from  control  highly  significant  (P  <.01). 
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vation.  Indeed,  Ileroux  and  Dugal  (15)  and  Koletsky  (10)  reported  eleva¬ 
tion  of  blood  pressure  and  occurrence  of  renal  lesions  in  “normal”  rat> 
given  isotonic  saline  as  drinking  fluid  for  extended  periods  of  time.  It  seenis 
likely  that  the  extent  of  pathological  effects  produced  is  related  both  to  the 
concentration  of  the  XaCl  solution  given  and  to  the  duration  of  treatment. 

The  adrenalectomized  rats  given  hypertonic  XaCl  solution  to  drink 
showed  renal  hypertrophy  in  most  (Tables  5  and  4)  and  cardiac  hypertro¬ 
phy  (Table  5)  in  some  cases.  The  adrenalectomized  rats  of  Kxp.  .4  which 
were  given  0.9%  XaCl  solution  to  drink  also  developed  cardiac  hypertro¬ 
phy  to  approximately  the  same  level  as  that  of  the  adrenalectomized  rats 
given  hypertonic  XaCl  solution  to  drink.  This  increased  heart  weight  is 
surprising  in  view  of  the  fact  that  the  systolic  blood  pressure  of  this  group 
was  never  elevated  above  control  levels.  It  is  difficult  to  state  whether  this 
condition  might  have  accompanied  excessive  retention  of  sodium  with  con¬ 
sequent  retention  of  water,  increase  of  vascular  volume  and  cellular  edema. 
Unfortunately,  water  contents  of  the  organs  removed  at  autopsy  were  not 
determined. 

One  might  suspect  that  the  adrenal  glands  play  a  role  in  the  develop¬ 
ment  and  maintenance  of  salt  hypertension  in  view  of  their  known  activity 
in  maintenance  of  electiolyte  balance.  However,  treatment  of  normal  rats 
with  saline  has  been  reported  by  several  groups  of  inve.stigators  to  induce 
atrophy  and  lipid  depletion  of  the  zona  glomerulosa  of  the  adrenal  cortex 
(17-19).  The  zona  glomerulosa  is  presumed  to  be  the  site  of  production  of 
mineralocorticoids  which  have  known  pressor  properties.  Thus,  even  in 
animals  with  intact  adrenals  it  would  appear  unlikely  that  overproduction 
of  mineralocorticoids  plays  a  major  role  in  salt  hypertension.  The  results  of 
these  experiments  in  which  hypertension  was  shown  to  develop  in  adrenal¬ 
ectomized  rats,  bear  out  this  thesis.  Further,  the  studies  of  Brandt  et  al.  (4) 
have  shown  that  .salt  hypertension  persists  in  rats  that  are  adrenalecto¬ 
mized  after  hypertension  has  developed.  The  mechanism  resulting  in  event¬ 
ual  hypertension  under  these  conditions  is  poorly  understood.  Sensitiza¬ 
tion  by  .salt  to  circulating  pressor  agents  may  be  a  contributing  factor  (20, 
21).  Accumulation  of  salt  within  the  walls  of  arterioles  with  subsequent  re¬ 
duction  of  lumen  size  may  represent  still  another  factor  (22).  The  lattei 
possibility  is  an  especially  attractive  one  in  view  of  the  studies  of  Koem- 
melt  ct  al.  (2.4)  who  observed  that  adrenalectomized  dogs  given  hypertonic 
XaCl  solutions  intravenously  retained  more  sodium  than  normal  controls 
rather  than  excreting  it  in  exce.ss  as  one  might  expect.  Adrenalectomizec’ 
rats  given  an  isotonic  saline  load  intravenously  also  require  longer  periods 
of  time  for  excretion  of  the  load  than  normal  controls  (24).  It  is  possible 
that  continued  salt  administration  leads  to  positive  salt  balance  in  these 
animals  with  consequent  increase  in  vascular  volume,  cellular  edema  ane 
increa.sed  peripheral  resistance. 

An  increased  thyroid  size  accompanying  salt  administration  was  ob 
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erved  even  in  rats  given  isotonic  saline  as  their  sole  source  of  drinking 
luid  (Table  3).  This  observation  is  of  interest  in  view  of  the  studies  of 
libbard  (25)  and  Axelrad  ct  al.  (26).  These  investigators  observed  that  in¬ 
gestion  of  large  amounts  of  NaCl  increased  thyroid  activity  as  assessed  by 
yperplasia,  by  histological  changes  characteristic  of  hypersecretion  and 
y  increased  radioactive  iodine  uptake.  Isler  et  al.  (27)  also  ol)served  thy- 
oid  stimulation  in  mice  given  1%  XaCl  solution  to  drink.  In  addition, 
reatment  of  normal  rats  receiving  1.75%  XaCl  solution  to  drink  with  the 
nti-thyroid  drug,  propylthiouracil,  prevented  the  expected  elevation  of 
■lood  pressure  (2S).  Hence,  it  is  possible  that  the  thyroid  gland  may  par- 
icipate  in  the  development  of  this  typo  of  hypertension. 

In  addition  to  the  possibilities  suggested  above,  salt  hypertension  may 
.iccompany  continued  maximal  concentrating  effort  of  the  kidneys.  I'he 
act  that  hypertension  developed  only  at  concentration  levels  exceeding 
1.75%  tends  to  support  this  suggestion. 

In  such  a  study  as  this  it  is  important  to  be  assured  that  the  rats  used 
were  completely  adrenalectomized.  When  normal,  non-adrenalectomized 
rats  were  used  as  controls,  it  was  observed  that  giowth  rate  of  adrenal- 
cctomized  rats  was  less  than  that  of  the  normal  rats  (Fig.  3).  This  is  char¬ 
acteristic  of  completely  adrenalectomized  rats,  even  those  given  X"aCl 
solution  to  drink  (29,  30).  In  addition,  all  rats  used  in  these  experiments 
showed  a  spontaneous  XaCl  appetite  in  which  00%  or  more  of  their  total 
fluid  intake  was  ingested  as  isotonic  X"aCl  solution.  Sufficient  rats  remained 
at  the  end  of  the  third  experiment  to  measure  initial  colonic  temperatures 
and  rates  of  cooling  when  exposed  to  cold  air.  The  results  of  these  experi¬ 
ments  indicated  that  the  rats  were  completely  adrenalectomized  in  that 
the  adrenalectomized  rats  had  a  lower  colonic  temperature  prior  to  cold 
exposure  and  a  faster  cooling  rate.  These  findings  are  characteristic  of 
adrenalectomized  rats  (11).  In  addition,  all  rats  that  died  or  were  sacrificed 
were  carefully  examined  for  possible  accessory  adrenal  tissue.  It  is  felt  that 
the  rats  used  were  completely  adrenalectomized. 

It  is  uncertain  whether  a  counterpart  of  this  type  of  hypertension  exists 
in  humans.  However,  it  has  been  observed  that  ingestion  of  25  to  60  gm./ 
day  of  table  salt  for  23  days  produced  a  significant  elevation  of  systolic  and 
iliastolic  blood  pressure  in  one  human  subject  (31).  Other  evidence  exists 
which  suggests  that  individuals  living  in  the  Bahama  Islands,  an  area  in 
which  drinking  water  contains  a  high  concentration  of  sodium  (.06M./1.), 
have  higher  blood  pressure  levels  at  a  given  age  than  do  citizens  of  the 
Fnited  States  (32).  These  results  stress  the  importance  for  an  understand¬ 
ing  of  the  role  sodium  chloride  may  play  in  the  etiology  of  hypertension. 
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AMPHIBIAN  OVULATION  I\  VITRO  INDUCED  BY 
MAMMALIAN  PITUITARY  HORMONES 
AND  PROGl*:STERONEi 

A.  J.  BLH(JLHS=  AND  CHOII  HAO  LI 

Hormone  RcKcoreh  Lnbornlory,  ( 'nirrmit!/  of  California,  lierkrlen,  (California 

AHSTRA('T 

Tho  offoct  of  various  liornionos  on  o\  ulation  in  vitro  was  stiuliod  witli  ovarian 
frasiiionts  from  liana  pipicnii.  It  was  fouiul  that  progestcroiu*.  interstitial  coll- 
stimulatinjf  hormone  and  growth  hormone  induei'd  ovulation  under  the  eondi- 
tions  of  the  experiments,  whereas  follicle-stimulating  hormone  and  prolactin 
were  inactive. 

Although  numerous  .studies  have  been  carried  out  to  estahlisii 
^  whether  mammalian  liormones  are  effective  in  inducing  ovulation  in 
amphibians  in  vivo,  comparatively  few  investigations  have  appeared  deal¬ 
ing  with  this  problem  in  vitro.  In  vitro  ovulation  in  amphibians  was  first 
observed  by  Hugh  (1),  who  u.sed  the  excised  ovaries  of  a  piiuitary-in- 
jected  Rann  pipiens.  The  effect  of  pituitary  extracts  of  the  same  species  on 
in  vitro  ovulation  in  amphibians  was  also  studied  by  Heilbrunn  ct  nt.  (2) 
and  others  (8,  4,  o,  6,  7,  S).  That  steroid  hormones  may  play  an  important 
role  in  the  process  of  amphibian  ovulation  was  suggested  by  the  results  of 
various  in  vitro  experiments  carried  out  with  the  South  African  clawed 
load  Xenopns  laevis  (9,  10,  11). 

In  the  excised  ovaries  of  Rana  pipiens,  both  untreated  and  injected  with 
extracts  of  amphibian  pituitaries,  cortisone  has  been  .shown  to  facilitate 
ovulation  (12).  To  our  knowledge  the  effect  of  mammalian  pituitary  gona¬ 
dotropins  on  amphibian  ovaries  has  so  far  been  investigated  only  by 
Wright  and  Hisaw  (18).  These  authors  tested  the  ovulation-inducing 
potency  of  crude  and  fractionated  anterior  pituitary  extracts  from  sheep, 
on  the  excised  ovaries  of  Rana  pipiens.  Since  considerable  progre.ss  has 
recentl}'  been  made  in  the  purification  of  adenohypophyseal  hormones,  it 
was  deemed  worthwhile  to  reinvestigate  in  Rana  pipiens  the  ovulation- 
inducing  potency  of  highly  purified  preparations  of  mammalian  anterior 
pituitary  hormones.  In  addition,  the  effect  of  progesterone  in  this  species 
n  as  investigated. 
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MATERIAL  AND  METHODS 

Tlio  experiments  were  earned  out  during  the  period  from  .Mareli  15  to  April  15'*  witli 
organs  ami  tissues  from  hunale  Rnna  pipiens  wcduhing  40-70  Kin.  ICvery  wei'k  a  liatcdi  of 
froKs  was  hrousht  in  by  a  dealer,  who  reeeived  them  from  frog  eatehers  in  the  I’pjier  Mis- 
sissijipi  Valley.  The  animals  were  kejit  in  a  (piiet  semi-dark  jilaee  at  room  temperature. 

\  standard  frog  iiituitary  extraet  was  obtained  in  the  followiiiK  manner:  female  fro^s 
w(Te  decapitated,  the  jiituitaries  were  removi'd,  and  the  anti'rior  lobes  wen*  separated 
from  the  intermediate  lobes  and  fri'cd  from  th<*  endolymphatie  tissue's.  The  ante'rior  lobes 
were'  ground  and  mixed  with  Ringer’s  solution  so  that  1  ml.  of  this  susiiension  contained 
till'  eepiivalent  of  1  4  of  an  anterior  lobe.  The  suspension  was  kejit  frozen.  To  .sensitize 
tiu'  ovaries,  I  ml.  of  the  standard  extraet  was  injeeti'd  into  the  dorsal  lymph  sae  of  the 
frogs,  laghteen  hours  later  these  frogs  wen*  decapitated,  and  their  ovarii'S  wi're  excised 
and  divided  into  (5-12  nearly  (‘(pial  jiarts,  depending  on  the  size  of  the  ovarit's.  Kaeh  jiart 
was  washed  and  thoroughly  shaken  in  Holtfreter’s  solution  before  being  immersed  in  10 
nd.  of  test  fluid,  'bwenty-two  to  24  hours  aftt'r  immersion  all  tlu'  ovarian  fragmi'iits  were 
shake'll  and  the'  frc't'  eggs  wi're  eounti'd. 

'I'o  deti'iinine  the  ovulation-inducing  potency  of  a  substance,  tlu'  numbi'r  of  I'ggs 
which  had  been  reh'ased  from  an  ovarian  fragment  immersed  in  10  ml.  of  Holtfretc'r’s 
solution  containing  that  substaiu'c  was  eomparc'd  with  the  numbi'r  of  eggs  which  had  ovu¬ 
lated  from  another  fragment  of  the  same  ovaries  that  had  been  immersed  in  a  Holt- 
fri'ti'r’s  solution  containing  50%  of  the  animals’  own  mashed  anterior  jiituitary  lobi'.  In 
each  exiierimental  series,  the  ovaries  of  3  or  4  frogs  were  testi'd  at  the  same  time.  The  top, 
bottom  and  center  iiortions  of  these  ovaries  were  placed  alternatingly  in  the  various 
.solutions,  riie  number  of  eggs  which  had  ovulated  from  the  ovarian  fragment  immersed 
in  the  .siisjiension  containing  50%  of  the  frogs’  own  anterior  iiituitary  lobe  was  defined  as 
100%  ovulation,  in  each  instance.  .V  suspension  of  the  animals’  own  brain  mashed  in  10 
ml.  of  Holtfreter’s  solution,  or  Holtfri'ter’s  solution  alone,  served  as  controls. 

Interstitial  cell-stimulating  (K’SH),  follicle-stimulating  (FSH),  laetogenie  (prolactin, 
L  I'H)  and  growth  (GH)  hormones  were  jin'jian'd  from  sheep  pituitary  glands  !)}•  pro¬ 
cedures  previously  described  (14,  15,  1(5,  17).  Crystalline  jirogesterone  was  generously 
supplied  by  Parke,  Davis  and  Company. 

The  progesterone  solutions  were  prepared  by  shaking  progesterone  crystals  in  Holt¬ 
freter’s  solution  for  24  hours  at  room  temperature.  The  solution  was  then  eentrifugi'd 
and  the  sui)ernatant  fluid  served  as  ti'st  .solution.  The  progesterone  concentration  of  this 
fluid  was  determimHp  by  extracting  the  steroid  with  retlistilled  dichloromethane  and 
cominiting  from  the  absoriRion  spectrum  of  the  hormone  in  methanol,  rc'ad  in  the  Beck¬ 
man  model  D.U.  spectrophotometer. 


RESULTS 

W  hen  fragments  of  exeised  ovaries  were  immersed  in  various  coneen- 
trations  of  progesterone  in  Holtfreter’s  solution,  it  was  found  that  this 
steroid  eau.ses  ovulation,  the  minimal  effeetive  eoneentration  being  approxi¬ 
mately  0.()  mK-,  (Table  1).  In  addition,  it  was  demonstrated  that  pro¬ 
gesterone  in  a  eoneentration  of  approximately  (>  /xg.  ml.  also  induced 
ovulation  in  the  ovaries  of  animals  which  had  not  been  pretreated  with 
the  standard  extract  of  amphibian  pituitaries. 

’  This  is  the  period  just  before  the  mating  season  of  this  frog. 

*  The  authors  wish  to  thank  Dr.  Hans  Carstensen  for  his  invaluable  advice  in  making 
this  determination. 
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TaBI.K  1.  ( )VI  I,ATI<)X  KESl'dXSE  OK  OVAKIAX  FRAOMEXTS  OF  FRETKEATEI)  HttHU  pipieHS 
AS  IXDUC'EI)  BY  I’ROOESTEROXE 


Agent  ill  lloltlrptor's 
solution  ( It)  ml.) 

Steroid 

eoneentration 

Xumlier  of 
experiments 

Xuinlier  of 
positive 
response.s 

.\verage  per 
eent  of  eggs 
ovulated 

I’i'ogpstpronp 

Mg./ml. 

i> 

S 

8 

oil 

I’rogpstproiip 

II. I> 

H 

Id 

I’rogosterone 

ll.tlli 

S 

II 

1) 

Frog's  own  pituitary  lolips 

8 

8 

till) 

Frogs’  own  lirain 

1) 

8 

1) 

1) 

lloltfretor's  solution  only 

0 

8 

1) 

II 

Table  2,  which  suniinarizes  the  results  of  experiments  in  which  pituitary 
liorinones  were  used,  shows  that  IC\S1I  and  (HI  are  (piite  potent  in  inducing 
ovulation  in  vitro,  whereas  FSH  and  LTH  are  inactive  in  tliis  respect.  It 
was  tliought  at  first  that  a  certain  ratio  of  ICSII  and  (!H  would  he  re- 
>iuired  to  induce  the  maximal  degree  of  ovulation:  however,  tlie  results  of 
experiments  carried  out  with  combinations  of  various  (piantities  of  these 
two  hormones  did  not  support  this  hypothesis. 

To  investigate  whether  the  presence  of  FSH  may  facilitate  the  ovula¬ 
tion  induced  by  ICSII  or  (HI  alone,  combinations  of  these  hormones  in 
various  concentrations  were  tested.  The  results  of  these  experiments 
showed  no  marked  synergistic  effect  on  the  part  of  the  FSH.  A  seasonal 
increase  in  the  sensitivity  of  the  ovaries  to  progesterone,  ICSII  and  (HI 
during  these  experimental  series  was  noticed;  however,  injections  of  stand- 

TaBI.E  2.  Ovn.ATlOX  RESPOXSE  of  OVARIAX  FRAOMEXTS  (tF  OVARIES  FROM  I'RETREATEI) 

Hnna  pipiens  as  ixurcED  by  varioi  s  sheep  piti  itary  hormoxes 


I’ri'paration 

Coneentra-  i 
lion  of  the  , 
hormone  j 

Xumber  of  I 
experiments  | 

Xumber  of  ^ 
positive 
response.s 

Per  cent  of 
positive 
responses 

.\verage  jier 
cent  of  free 
PgRn 

ICSII  ! 

Mg. /ml.  ! 

21)1)  1 

2 

2 

! 

100 

7a 

101)  ! 

20 

17 

85 

54 

.")()  ! 

1 1 

10 

91 

44 

21)  1 

10 

9 

90 

12 

11) 

7 

a 

la 

5 

1 

ij  1 

7 

2 

at) 

2 

FSII 

101) 

12 

0 

0 

0 

1 

50 

a 

0 

0 

1 

1 

20 

t 

0 

0  1 

0 

<;ii 

200 

5 

100 

45 

100 

1  21 

19 

'.)() 

2li 

.50 

15 

P2 

80 

10 

Prolactin 

200 

a 

0 

0 

1 

1  100 

4 

0 

0 

1 

Frogs’  own  anterior 
pit.  lobes 

29 

29 

too 

1  100 

Frogs’  own  lirain 


29 


0 


0 
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ard  frog  pituitary  extract  used  to  sensitize  the  ovaries  never  by  themselves 
caused  ovulation  during  this  period. 

DISCUSSION 

The  effect  of  growth  hormone  on  amphibian  ovulation  has  been  studied 
hitherto  only  by  Hamaswami  (1<S);  this  author  induced  ovulation  in  Rann 
ruanophlyctis  i)i  vivo  with  injections  of  2  pituitary  glands  of  the  same 
species  given  in  combination  with  a  commercial  preparation  of  beef  growth 
hormone.  The  results  of  our  experiments  demonstrate  that  (JH  may  act 
directly  on  the  ovary. 

The  objection  might  be  made  that  the  ovulation  induced  by  (JH  could 
be  caused  by  an  ICSH  contamination;  however,  biological  tests  have  re¬ 
vealed  that  the  highly  purified  sheep  growth  hormone  used  in  these  studies 
contained  less  than  0.2%  of  ICSH  activity  (17).  Such  a  contamination 
cannot  be  responsible  for  the  S0%  positive  response  elicited  by  (HI  in  a 
concentration  of  .iO  /ug.  per  ml.,  since  a  dose  of  o  mK-  of  ICSH  per  ml.  gives 
only  a  30%  positive  response  (Table  2). 

Since  it  is  known  that  growth  hormone  influences  water  metabolism 
(see  for  example  (10)),  and  also  that  hypotonic  solutions  are  capable  of 
inducing  ovulation  in  vitro  (20),  the  ovulation-inducing  capacity  of  growth 
hormone  noted  in  these  studies  might  possibly  be  ascribed  to  some  en¬ 
hancement  of  water  uptake  or  retention.  This  possibility  seems  to  be  dis¬ 
counted,  however,  by  observations  made  by  us  (21),  to  the  ett’ect  that 
although  when  ovarian  fragments  were  immersed  in  either  distilled  water 
or  10%  Holtfreter’s  solution  alone,  the  resulting  eggs  were  markedly 
swollen,  no  discernible  swelling  was  noted  in  the  eggs  from  those  ovarian 
fragments  that  had  been  immersed  in  any  of  the  hormone  solutions.  What 
relevance  the.se  observations  may  have  to  the  possible  mechanism  of 
ovulation,  particularly  with  respect  to  theories  relating  to  tissue  perme¬ 
ability,  cannot  be  determined  here. 

(^ur  findings  with  respect  to  sheep  FSH  are  in  agreement  with  those  of 
^^’right  and  Hisaw  (13),  who  also  were  unable  to  induce  ovulation  in  vitro 
in  ovaries  of  Rana  pipicns  with  this  hormone.  Their  opinion  that  FSH 
.sensitized  the  ovaries,  however,  was  not  .supported  by  the  results  of  our 
experiments  carried  out  with  combinations  of  FSH  and  ICSH. 

The  gonadotropic  activity  of  progesterone  in  amphibians  first  demon- 
.strated  by  Zwarenstein  (9),  with  Xenopus  laevis  u.sed  as  a  test  animal,  was 
confirmed  bj'  the  results  of  our  experiments  on  Rano  pipiens.  In  the  present 
experiments,  progesterone  in  a  concentration  as  low  as  0.6  mS-  nil.  was 
sufficient  to  cause  ovulation  in  vitro  (Table  1).  As  already  mentioned, 
cortisone  is  also  capable  of  facilitating  the  process  of  ovulation  in  vitro  in 
Rana  pipiens  (12).  These  results  suggest  that  progesterone  and  related 
steroids  play  an  important  role  in  the  process  of  amphibian  ovulation; 
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lienee,  it  would  he  very  valuable  to  investigate  which  steroids,  if  any,  are 
present  in  amphibian  ovarian  and  adrenal  tissue. 
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ABSTRACT 

Intravenous  administration  of  crystalline  Klucanon  .02  mg.  kg.  was  u.sed  to 
study  heijatic  glycogenolysis  and  as.sociated  events  in  the  unanesthetized 
dog.  An  increase  in  hepatic  blood  flow  and  hei)atic  glu<‘ose  output  rt'gularly 
occurred  following  glucagon  administration.  .Vpproximattdy  9.0  gm.  of  glucose 
were  released  from  the  liver  during  the  first  hour  after  a  single  intravenous  injec¬ 
tion  of  glucagon;  this  repre.scnts  a  net  increase  over  control  valiu's  of  about  0 
gm.  Depletion  of  glycogen  stores  induced  by  fasting  was  associated  with  a  de- 
cnaised  or  absent  resi)onse  of  iH'jjatic  bloofl  flow  and  he|)atic  glucose  output 
to  glucagon.  Hepatic  uptake  of  alpha  amino  nitrogen  increased  after  glucagon- 
induced  glycogeiiolysis;  this  increase  began  promptly  and  reached  a  maximum 
about  4.5  minutes  after  glucagon  administration.  These  changes  wen*  inter- 
perted  as  refl(‘cting  increased  gluconeogenesis  following  depletion  of  liver  gly- 
c<)gen  stores. 

GLYCOdENOLYSLS  may  he  induml  in  the  liver  in  a  controlled  fa.‘<hion 
by  means  of  glucagon  administration.  Accordingly,  glucagon  has 
been  found  to  be  a  u.seful  tool  for  the  study  of  the  metabolic  and  physio¬ 
logic  events  as.sociated  with  hepatic  glycogenoly.sis  (1). 

Recently,  a  method  for  simultaneous  catheterization  of  splenic  artery, 
portal  vein  and  hepatic  vein  in  a  simplified  one-stage  abdominal  operation 
in  the  dog  has  been  described  (2).  Blood  samples  may  be  simultaneously 
obtained  from  the.se  sites  after  the  animal  has  recovered  from  the  ane.s- 
thesia  and  surgical  procedure.  By  u.se  of  this  preparation,  it  has  been 
demonstrated  that  when  glucagon-induced  glycogeiiolysis  occurs  in  the 
dog  there  is  a  simultaneous,  marked  increa.se  in  hepatic  blood  flow  (:i). 
Using  this  technique  for  repeated  sampling  from  the  hepatic  ve.ssels, 
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furtlier  studies  have  been  made  of  tlie  sly^*ogeuolysis  phenomenon,  witli 
particular  reference  to  associated  changes  in  liepatic  l)lood  flow  in  relation 
to  portal  and  hepatic  venous  glucose  con(*ent rations,  plasma  osmolality, 
and  alpha  amino  nitrogen  concentrations. 

The  direct  method  of  sampling  blood  or  plasma  concentration  gradients 
across  the  liver  were  combined  with  improved  methods  for  measuring 
hepatic  blood  flow  in  order  to  provide  (juantification  of  hepatic  function 
in  the  unanesthetized  state.  These  measurements  of  regional  metabolism 
may  be  expres.sed  in  terms  of  rate  relationships  during  a  control  period  and 
is  a  function  of  time  after  the  experimental  variable.  Thus,  hepatic  me- 
labolism  may  be  approached  in  a  more  direct  manner,  rather  than  by  in¬ 
ference  from  blood  or  plasma  concentration  changes. 

METHODS 

Fourteen  male  and  female  dogs  weighing  from  12  to  31  kg.  were  used  in  these  experi¬ 
ments.  Plastic  catheters  were  iinjilanti'd  in  the  hdt  eommon  hepatic  vein,  the  ])ortal 
vein,  and  the  splenic  artery,  according  to  a  previijusly  deserilx'd  teehniipie  (2).  One  to 
thirteen  days  after  the  operation,  the  events  associated  with  glueagon-indueed  glyeo- 
genolysis  were  .studied  after  fasting  for  IS  to  24  hours  and  without  sedation.  The  dogs, 
trained  to  stand  in  a  Pavlov  frame,  were  given  a  period  for  eipiilihration  in  order  that 
conditions  might  approach  those  of  a  steady  state.  Blood  sanijiles  were  simultaneously 
aspirated  through  arterial,  portal  and  hepatic  vein  catheters;  this  ])roet‘dure  was  re¬ 
peated  at  lO-minute  intervals  for  3  to  (>  times  during  a  control  period.  Following  ad¬ 
ministration  of  crystalline  glucagon  at  a  dose  of  .02  mg.  kg.,  .samples  were  obtained 
at  10-  to  1 5-niinute  intervals  for  the  first  hour,  and  less  frequently  thereafter. 

Hepatic  blood  flow  (HHF)  before  and  after  glucagon  administration  was  measured 
by  bromsulphah'in  ti'chniipie  of  liradley  el  al.  (4),  and  by  a  modified  broinsulphalein 
method  (o).  In  two  exijeriments  HBF  was  also  measured  with  an  indi<‘ator  dilution 
method  using  C’r’'  labeled  rtal  cells  (0).  (Jlueose  in  whoh'  blood  was  miaisured  by  the 
Xelson-Somogyi  method  (7);  plasma  osinolarity  was  obtained  by  the  frc'eziiig  i)oint  d(‘- 
pression  method  (Fiske  Osmometer);  and  serum  aljiha  amino  nitrogen  by  the  method  of 
'I'roll  and  (’annan  (S). 

Independent  measurement  of  the  arterial,  portal  venous  and  hepatic  venous  glueo.sc' 
coneentrations  allows  direct  eompari.son  of  eoneentration  gradients  across  certain  ana¬ 
tomical  areas.  In  this  series,  the  hepatic  venous-portal  venous  glucose  concentration 
difference  is  taken,  as  a  first  appro.ximation,  to  rejire.sent  the  total  hepatic  gradient.  It 
is  realized  that  this  gradient  is  not  absolutely  indicative  of  the  total  hepatic  gradient; 
Mlalock  and  Ala.son  (9)  found  that  the  portal  vein  supplies  an  average  of  (SO.5%  of  the 
total  hepatic  inflow  under  resting  unanesthetized  conditions.  If  this  value  is  assumed  to 
re])re.sent  the  proportion  of  portal  venous  inflow  to  the  total  hepatic  flow  in  this  s(>ries, 
a  calculated  total  hejiatic  glucose  concentration  gradient  may  be  derived: 

Total  Hepatic  (iluco.se  Concentration  (iradient  =  ((lluco.seH.v.-(ilusocep.v.)  X.SO.a 

-I-  (( !  lucosen  v .-( 11  ucosca . )  X .  1 9 o 

where  Gluco.sen.v.,  (llucosei>,v.  und  (Hucosca.  rejiresimt  the  glucose  concentrations  in 
the  hepatic  venous,  portal  venous  and  arterial  blood  respectively.  When  this  formula 
is  used  to  calculate  the  total  hepatic  gradient,  the  results  of  the  .series  are  10%  lower 
than  the  simple  hepatic  venous-portal  venous  gradient  in  the  control  perioil  and  7% 
ower  in  the  period  after  glucagon.  These  differences  are  relatively  small  and  do  not  alter 
the  final  interpretation.  Since  methods  an*  not  presently  available  for  frequent  simul- 
aneous  measurements  of  hepatic  arterial  and  portal  venous  flow  under  the  conditions 
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of  tfieso  ox|KTiiU(“iits,  wo  liavo  used  the  hepatic  venous-portal  venous  gradient  as  a  first 
approximation  of  the  total  hepatic  concentration  gradient  in  this  study. 

RESULTS 

/.  The  Ejject  of  (Unrngon  on  Arterial,  Portal  and  Hepatic  Venous  Glucose 
Concentrations 

Tlie  mean  control  glucose  concentrations  of  arterial,  portal  and  hepatic 
venous  blood  of  the  entire  series  were  {)(>,  92  and  100  nig.  100  ml.  respec¬ 
tively.  These  levels  ro.se  to  a  maximum  of  14(),  1.‘17  and  1(52  mg.  100  ml., 
twenty  minutes  after  glucagon  administration  (Fig.  1).  The  mean  portal- 
hepatic  venous  glucose  gradient  and  the  standard  errors  of  the  mean, 
illustrated  in  Figure  1,  ro.se  from  S  ±  l.R  mg.  100  ml.,  in  the  control  period, 
to  2o  +4  mg./lOO  ml.,  twenty  minutes  after  glucagon.  The  arterial  gluco.se 
levels  clo.sely  paralleled  the  portal  levels. 

2.  Hepatic  Blood  Floxe  (HBF)  Measurement  Before  and  After  Glucagon 

a)  IIBh"  was  measured  by  a  bromsulphalein  method  in  14  experiments 
on  12  dogs  before  and  after  glucagon  administration  (Fig.  2).  An  increase 
in  HliF  in  each  experiment  was  ob.served  10  to  20  minutes  after  glucagon. 
The  maxima  of  the  HBF  mea.surements  after  glucagon  ranged  from  141% 


Fig.  1.  Mean  arterial  portal  and  hepatic 
venous  glucose  concentrations  for  the 
series  during  a  control  period  and  after 
glucagon.  The  lowest  line  represents  the 
mean  portal-hepatic  plasma  glucose  con¬ 
centration  gradients  with  standard  errors 
of  the  means. 


ml./min. 


Fig.  2.  Hepatic  blood  flow  during  a 
control  period  and  as  a  function  of  time 
after  a  single  intravenous  injection  of  glu¬ 
cagon  (indicated  by  vertical  line).  .Mean 
and  S.E.  of  14  experiments. 
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to  .304%  of  their  respective  control  values.  In  .5  experiments  these  peaks 
occurred  at  10  minutes;  in  5  other  experiments,  at  20  minutes  after  glu¬ 
cagon  was  given;  in  the  remaining  4  experiments  the  values  at  10  and  20 
minutes  after  glucagon  were  approximately  equal.  The  mean  maximal 
IIBF,  irrespective  of  the  period  of  time  after  glucagon,  was  1731  ml.  min., 
about  a  twofold  increase  over  the  baseline  flow  of  704  ml.  min. 

b)  Cr®^  labeled  red  cells  and  BSP  were  used  nearly  simultaneously  as 
methods  of  determining  hepatic  blood  flow  in  2  dogs  before  and  after 
glucagon  administration.  The  comparison  of  these  methods  is  shown  in 
'•'igure  3.  Kxact  agreement  cannot  be  expected  with  rapidly  changing 
)lood  flows;  nevertheless,  a  similar 
ncrease  was  observed  with  each 
luethod. 

c)  The  effect  of  glucagon  admin¬ 
istration  on  IIBF  was  studied  again 
m  one  dog  after  3  days  of  fasting. 

Idle  increa.se  in  HBF  after  glucagon 
was  less  marked  than  had  previ¬ 
ously  been  obtained  in  the  same 
animal  eight  hours  postprandially. 

•Vnother  animal  was  studied  after 
.')  days  of  fasting  and  in  this  case 
there  was  no  significant  increa.se  in 
IIBF  following  glucagon  admini.s- 
t ration  (hdg.  4). 

■i.  Hepatic  Glucose  Output  Response 
to  Glucagon 

The  rate  of  hepatic  glucose  out¬ 
put  (H(10)  in  the  control  period 
and  after  administration  of  gluca¬ 
gon  for  the  14  experiments  is  .sum¬ 
marized  in  Figure  o.  The  variations 
in  values  for  gluco.se  output  at  10 
and  20  minutes  after  the  drug  are  a  reflection  of  the  individual  variations 
in  the  time  course  of  the  respon.se.  In  about  half  the  experiments  the  maxi¬ 
ma  were  observed  at  10  minutes;  in  the  other  half,  at  20  minutes. 

The  increased  IKJO  was  demonstrable  in  each  experiment.  The  mean 
•  ontrol  HGO  of  the  series  was  59  ±10  (S.E.)  mg./ min.  The  mean  HOC) 
'•  as  335  ±48  mg. /min.,  10  minutes  after  glucagon,  and  321  ±79  mg./min., 
JO  minutes  after  glucagon.  The  mean  peak  HGO,  irrespective  of  the  time 
interval  after  glucagon  administration,  was  440  ±  mg./ min.,  which  repre- 
^  mts  about  a  7  fold  increase  over  the  control  rate  of  HGO. 


Fig.  3.  MPcnsurement  of  hepatic  blood 
flow  with  the  BSP  and  Cr'*  red  eell  meth¬ 
ods.  Measurements  were  taken  in  sequenee 
rather  than  simultaneously;  both  methods 
show  a  proi)ortional  increase  in  flow. 
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Minutes  after  Glucagon 


Fig.  4.  Hi'jiatic  lilood  flow  Ix'fon'  aiul 
after  filucafiGii  administration  IS  hours 
jiostjirandially  in  a  normal  animal;  in  the 
same  animal  after  a  .‘5-day  fast,  and  in  an¬ 
other  animal  after  .5  days  of  fastinu. 


mg./min. 


Fig.  o.  Hejiatie  ulueose  oiitjiut  during  a 
eontrol  period  and  as  a  funetion  of  time 
after  nhieagon.  Mean  and  S.li.  of  14  ex- 
piTiments. 


The  olTocts  of  depletion  produeed  by  .‘5  and  .5  day  periods  of  fasting  re- 
speetively  are  shown  in  Figure  (i.  A  very  modest  inerea.se  in  IKK)  followed 
glueagon  injeetion  in  the  animal  fasted  for  .3  days,  whereas  no  significant 
inerea.se  was  observed  after  glueagon  administration  following  a  5  day  fast. 

-b  Ejfccl  of  Glucagon  on  Porta!  and  Hepatic  Venous  Plasma  Osmolarilg 

Portal  and  hepatic  venous  plasma  osmolarity  was  measured  before  and 
after  glueagon  administration  in  4  dogs.  The  mean  values,  illustrated  in 
Figure  7,  demonstrate  an  increased  hepatic  venous  plasma  osmolarity  at 
10  and  20  minutes  after  glueagon.  These  values  closely  parallel  the  corre¬ 
sponding  elevations  in  hepatic  glueo.se  output  described  above. 

5.  Arnino  Xitrogen 

Plasma  alpha  amino  nitrogen  concentrations  were  measured  acro.ss  tin 
liver  during  the  eontrol  period  and  after  glucagon  in  four  normal  animal- 
and  one  animal  fasted  for  3  days.  The  data  from  Dog  5  representative  of 
the  series,  are  shown  in  Figure  8.  In  this  animal,  sampling  was  carried  on’ 
for  120-minute.s  after  glucagon  injection.  There  was  a  significant  increase 
in  the  hepatic  uptake  of  amino  acids.  This  increase  occurred  promptly  and 
reached  a  peak  at  60  minutes.  Figure  9  shows  the  hepatic  output  or  uptak  ■ 
of  alpha  amino  nitrogen  for  the  4  dogs.  The  mean  control  value  of  abou 
1  mg.  alpha  amino  nitrogen  min.  (or  .07  mM  amino  acids  min.)  uptak 
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Fig.  ().  Hopatic  glucose  output  iii  tlic  '.i 
cvpcriiucuts  illustrated  in  Figure  3,  on  a 
normal  dog,  a  d-day  fasted  dog  and  a  o- 
day  fasted  dog.  Then'  is  a  marked  diminu- 
li  in  in  hepatic  glucose  output  in.  response 
to  progressive  fasting. 


mOs/L. 

<— GLUCAGON 

300 

H 

. 

290 

280' 

- Portal 

.  Hepatic 


F’ig.  7.  Portal  and  heitatie  venous 
plasma  osinolarities  and  transhepatie  gra¬ 
dient  of  osmolaritv  after  glucagon  admin¬ 
istration.  Mean  of  4  dogs.  Increased  hepatic 
venous  osmolarity  in  response  to  glucagon 
roughly  parallels  increase  in  hepatic  venous 
glucose  eoneentration. 


increa.sed  after  {rlueaKoii  adiniiii.st ration  to  a  inaxiinuiu  rate  of  t.l  nifr./inin. 
(0.3  inM/min.)  at  4.5  niinute.s. 

The  one  animal  that  had  an  hepatie  output  of  amino  aeid  nitrogen  in  the 
control  period  demonstrated  a  rapid  reversal  in  gradient  with  a  fairly 
marked  hepatic  uptake  after  glucagon,  reaching  a  peak  at  20  minutes,  and 
returning  toward  control  values  thereafter.  The  animals  that  were  taking 
up  amino  acid  nitrogen  during  the  control  period  continued  to  remove 
amino  acids  at  increasing  rates  after  glucagon;  in  the.se  instances,  re- 
.spon.ses  were  le.ss  dramatic,  hut  more  prolonged.  The  results  in  one  dog 
who  was  fasted  for  3  days  are  noteworthy.  This  dog  showed  an  hepatic 
uptake  of  3  mg. /min.  during  the  control  period;  after  glucagon  this  rate  of 
uptake  did  not  increase. 


DISCUSSION’ 

The  chemistry’,  physical  properties,  and  structural  analy.sis  of  glucagon 
IIS  well  as  its  phy.siologic  or  pharmacologic  actions  have  been  extensively 
reviewed  (10,  11,  12).  Studies  employing  liver  slices  have  elucidated  the 
mechanism  by  which  glucagon  induces  hyperglycemia  by  increasing  active 
j  hophoryla.se.  (13).  The  circulating  blood  or  plasma  gluco.se  eoneentra- 


L 


266 


Volmtic  U(i 


Mt/MIN 


HEPATIC  UPTAKE  OF  ALPHA  AMINO  NITROGEN 

^mt  ycM/iiN 


Fig.  8.  Portal  and  iK'patio  vpnoiis  plasma  a-amino  nitrogen  ronrontrations,  portal- 
hepatic  gradient,  hejiatic  plasma  flow  and  net  hepatic  uptake  of  amino  nitrogen  of  a 
repre.sentative  dog  in  a  control  period  and  as  a  function  of  time  after  glucagon  ad¬ 
ministration. 

tions  and  arterio\  onous  gradients  Iiave  been  studied  in  man  (14,  15).  Tlu* 
present  research  attempts  to  de.scrilte  and  measure  the  action  of  glucagon 
on  m  vivo  hepatic  metabolism  in  the  conscious  dog. 

Simultaneous  measurement  of  hepatic  plasma  flow  and  concentration 
gradients  of  various  substances  across  the  liver  permits  quantitative  asse.ss 
merit  of  the  rates  of  hepatic  function  before,  during  and  after  glucagon- 
induced  glycogenolysis.  The  measured  hepatic  glucose  output  may  be  com¬ 
pared  with  simultaneous  increases  in  arterial,  portal  and  hepatic  venou 
blood  gluco.se  concentrations  before  and  after  glucagon  administration 
The  mean  portal  venous  gluco.se  level  ro.se  from  92  to  1117  mg.  100  ml.  ,  2( 
minutes  after  glucagon,  the  hepatic  venous  glucose  level  from  100  to  10 
mg.  100  ml.  and  the  arterial  glucose  level  from  90  to  140  in  this  period 
The.se  increments,  85,  62  and  50  mg.  100  ml.  respectively,  represent  88 
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?’iG.  9.  Net  uptake  of  a-aiiiiiio  iiitrof>;eii  by  the  liver  after  f^lueagon  arliuinistration. 
rite  heavy  line  represents  the  mean  values;  the  fine  lines  represent  values  from  indi- 
virlnal  (loss  in  the  series. 

02  and  52%  increases.  Concomitant  measurements  of  tlie  mean  liepatic 
;ilucose  output,  hy  contrast,  revealed  a  rise  from  59  mg.  min.  in  the  con¬ 
trol  period  to  521  mg.  min.,  20  minutes  after  glucagon,  a  fivefold  increase. 

The  time  relationship  shown  in  the  portal  venous  or  arterial  glucose 
concentration  curves  may  also  he  compared  with  that  of  the  hepatic  glu¬ 
cose  output.  In  all  three  sites  sampled  the  mean  glucose  concentrations 
rise  to  maxima  at  20  minutes  after  glucagon,  and  then  fell  slowly  during 
the  ensuring  hour  toward  control  levels.  Although  the  rate  of  HC5()  also 
reaches  its  maximum  at  10  to  20  minutes  after  glucagon,  it  was  found  to 
return  to  control  values  at  50  minutes.  Since  blood  glucose  levels  depend 
upon  hepatic  output,  redistribution  of  glucose  and  peripheral  utilization, 
as  well  as  renal  excretion  at  high  levels,  neither  the  rate  nor  the  time  rela¬ 
tionships  of  the  hepatic  glucose  output  may  be  inferred  solely  from  the 
measurement  of  circulating  blood  glucose  concentrations. 

The  average  amount  of  glucose  released  by  the  liver  after  glucagon 
administration  was  calculated  from  the  area  under  the  time-rate  curve 
‘  Fig.  4).  Approximately  7.5  gm.,  or  a  net  increase  of  5.5  gm.  over  control 
values,  was  released  during  the  first  50  minutes;  about  9.0  gm.,  or  a  net  in¬ 
crease  of  0  gm.,  was  released  during  the  first  hour  after  glucagon  admin¬ 
istration.  The  mean  liver  weight  in  a  series  of  sixteen  dogs  studied  in  this 
laboratory  was  2.9%  of  total  body  weight;  the  glycogen  content  varied 
rom  2  to  4%  of  the  wet  liver  weight  (mean  =  2.5%).  As  a  first  approxima- 
Mon,  therefore,  these  livers  contained  about  12  grams  of  glycogen,  the 
quivalent  of  25  mgm.  of  glucose  per  gram  of  wet  liver  weight.  Thus,  these 
alculations  suggest  that  about  half  of  the  liver  glycogen  may  be  re¬ 
eased  as  a  result  of  a  single  injection  of  ,02  mg.  glycagon/kg.  When  the 
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liver  was  depleted  of  gh  cogen  by  fasting,  this  glycogenolytic  response  was 
modified  or  absent. 

An  index  of  gluconeogenesis  (glucogenesis  from  non-glncose  precursors) 
is  provided  by  measurement  of  the  rate  of  hepatic  alpha  amino  nitrogen 
uptake.  The  rather  prompt  increase  in  this  rate  following  glucagon  ad¬ 
ministration  suggests  that  gluconeogenesis  begins  with  the  onset  of  glyco- 
genolysis;  maximal  amino  acid  nitrogen  uptake,  however,  was  not  ob¬ 
served  in  our  series  until  after  subsidence  of  glycogenolysis.  We  regard 
this  increased  uptake  of  alpha  amino  nitrogen  as  a  compensatory  reaction 
to  depletion  of  liver  glycogen  and  not  as  a  primary  response  to  glucagon  ad¬ 
ministration,  as  has  been  suggested  by  Izzo  and  (Jlasser  (IG). 

The  total  amount  of  alpha  amino  nitrogen  taken  up  by  the  liver,  esti¬ 
mated  from  the  area  under  the  time-rate  curve,  averaged  187  mg.  of  alpha 
amino  nitrogen  or  18  mM  of  amino  acids  in  the  first  hour  after  glucagon. 
Concomitantly,  the  liver  relea.'^ed  an  average  of  9.(5  gm.  of  5.8  m.M  of  glu¬ 
cose.  Thus,  there  appears  to  be  a  rapid  and  extensive  replenishment  of 
hepatic  glycogen  stores  from  plasma  amino  acids  following  glycogenolysis. 
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INDUCTION  OF  OVULATION  IN  THE  HEN  BY 
INJECTION  OF  PROGESTERONE  INTO 
THE  BRAIN 


C.  L.  RALPH'  AND  R.  M.  FRAPS 
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AB.STRA('T 

ProKi'stcroiu*  in  a  solution  of  propylene  {flyeol  regularly  indueed  |)reinature 
ovulation  in  the  hen  when  injeetc'd  into  eertain  regions  of  either  the  hypothala¬ 
mus  or  the  eaudal  neostriatum  hut  not  in  other  ])arts  of  the  forehrain.  'I'he  effec¬ 
tive  (piantity  of  hormone  is  estimated  to  he  no  more  than  5  mK-  Proffesterone 
did  not  induce  ovulation  when  injected  into  the  pituitary.  It  is  thus  indicated 
that  the  steroid  acts  ui)on  certain  regions  of  the  hrain  to  cause  release  of  ovula- 
tion-inducinti  hormoiu*. 

Tulre  is  considerable  indirect  evidence,  reviewed  previously  (1), 
to  support  the  belief  that  progesterone  injected  by  various  systemic 
routes  cau.ses  premature  ovulation  in  the  hen  by  acting  through  a  neural 
meclianism.  Two  investigations  have  provided  evidence  of  a  direct  nature 
that  this  is  so.  Rothchild  (2)  applied  progesterone  directly  to  the  surface 
of  the  pituitary  and  found  it  no  more  effective  in  inducing  ovulation  than 
when  placed  upon  the  sphenoid  bone  covering  the  gland  or  on  an  expo.sed 
area  of  the  thigh.  He  suggested  that  progesterone  acts  through  some  sys¬ 
temic  mechanism  apart  from  the  pituitary  gland.  Ralph  and  Fraps  (1) 
were  able  to  prevent  the  occurrence  of  induced  ovulation  by  placing  lesions 
in  the  preoptic  hypothalamus  of  the  hen  within  2  hours  following  intra¬ 
muscular  injection  of  a  normally-effective  dose  of  progesterone. 

This  report  describes  experiments  in  which  small  quantities  of  progester¬ 
one  were  injected  directly  into  various  parts  of  the  brain.  The  results  pro- 
\ide  further  evidence  that  progesterone  probably  acts  through  .specific 
parts  of  the  brain  to  effect  the  relea.se  of  pituitary  gonadotrophin  for  ovula- 
t  ion. 


MATERIALS  AND  METHODS 

.Vll  experimental  animals  were  White  Lejfhorn  hens  between  -  .vears  of  age. 

riiey  were  individually  caged  in  laying  hattt'ries  with  feecl  and  water  always  availabU* 
md  were  under  14  hours  light  daily  (daylight  not  excluded).  Individual  records  of  lay 
vere  maintained  from  8  a.m.  to  4  p..\i. 

Hens  were  selected  for  exiM'riment  on  the  day  of  lay  of  the  terminal  (‘gg  of  a  sispiencc, 
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and  were  injected  between  3:30  and  5:30  p.m.  of  the  same  day.  Tlie  stereotaxic  pro¬ 
cedures  used  in  making  lesions  (3)  were  employed  for  introducing  the  hormone  into  the 
brain,  except  that  a  microinjector-  with  a  20  gauge  needle  replaced  the  electrode  carrier. 
Kxcept  for  five  injections  directly  into  tin*  pituitary  gland,  all  were  placed  bilaterally. 
Injections  into  the  brain  were  made  1  mm.  from  the  midline  throughout  the  diencepha¬ 
lon,  with  a  few  at  3  mm.  In  the  forebrain,  injections  were  placed,  bilaterally,  at  1,  3,  5,  7, 
and  9  mm.  from  the  midline  and  at  2  mm.  intervals  both  dorso-ventrally  and  rostro- 
caudally  on  the  sagittal  plane. 

In  preliminary  experiments,  aqueous  susijensions  of  progesterone  microcrystals^  and 
corn  oil  solutions  of  the  hormone  were  injected  into  a  total  of  17  hens.  The  aqueous 
suspension  proved  difficult  to  use  owing  to  sedimentation  of  the  crystals  and  consequent 
inability  to  control  dosage.  C'orn  oil  solutions  were  somewhat  too  viscous  for  easy  filling 
of  the  microinjector. 

In  the  definitive  experiments,  progesterone  was  dissolved  in  propylene  glycol,  5  mg. 
per  ml.  \  small  quantity  of  sudan  black  B  was  used  to  color  the  solution.  The  stain 
served  two  purposes:  (1)  It  facilitated  the  localization  of  sites  of  injection  during  section¬ 
ing  of  the  brain  and  (2),  it  permitted  an  ajjproximation  of  how  much  of  the  solution  re¬ 
mained  at  the  site  of  injection,  since  there  was  usually  some  leakage  back  to  the  surface 
following  withdrawal  of  the  needle. 

.V  total  of  85  hens  were  injected  with  the  proi)yiene  glycol  solution.  Five  ^ig.  of  proge.'s- 
terone  (0.001  ml.  solution)  were  injected  at  each  site,  or  10  /ig./hen.  It  is  estimated  that 
no  more  than  half  the  solution  stayed  at  the  site  of  injection,  as  some  flowed  up  the 
needle  track  and  appeared  on  the  surface  just  as  the  needle  was  withdrawn.  It  is  to  be 
emphasized,  however,  that  most  of  the  solution  remaining  in  the  brain  could  be  detecte<l 
visually  ujxin  sectioning  as  a  localized  colored  spot  at  the  actual  site  of  injection;  little 
was  seen  in  the  track  itself. 

The  hens  were  palpated  at  8:30  and  2:30  p..m.  during  the  day  following  injec¬ 
tions  to  determine  wlndher  premature  ovulation  had  or  had  not  occurred  (cf.  1).  Within 
I  to  7  days  following  injections  the  birds  were  sacrificed  by  intravenous  injection  of 
X»‘mbutal,  the  brains  were  dissected  out  and  fixed  in  formalin,  and  the  condition  of  the 
ovary  was  noted.  Sections  100  n  thick  were  cut  using  a  freezing  technique  and  then 
stained  with  thionin.  When  the  microinjections  were  1  mm.  from  the  midline  bilaterally, 
sagittal  .sections  showing  sites  of  injection  on  both  sides  were  made,  and  when  more 
than  1  mm.  the  brains  were  sectioned  transversely. 

(’ontrol  injections  were  made  with  propylene  glycol  colored  with  sudan  black  B  but 
containing  no  progesterone.  Six  hens  were  injected  in  the  preoptic  hypothalamus  and  six 
in  the  effective  region  of  the  neostriatum.  The  same  conditions  and  methods  were  used  as 
for  the  experimental  animals,  except  that  some  brains  were  hand  sectioned. 

As  additional  controls,  groups  of  hens  from  the  same  flock  were  injected  intramuscu¬ 
larly  (breast  muscle)  with  the  projjylene  glycol  solution  of  progesterone  at  doses  of  10. 
.50,  and  100  ng. 


RESULTS 

Injections  induced  premature  ovulation  when  placed  1  mm.  bilateralh 
either  in  the  anterior  and  ventral  hypothalamus  or  in  the  caudal  neo 
striatum  (Fig.  1).  In  the  hypothalamus,  the  more  anterior  and  dorsal  ef¬ 
fective  loci  are  within  the  preoptic  paraventricular  nucleus,  while  the  one 

-  Baltimore  Instrument  Company,  Baltimore,  Maryland. 
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xtending  along  the  dorso-caudal  surface  of  the  optic  chiasma  are  in  the 
nterior  hypophyseal  tract.  The  four  most  posterior  effective  sites  lie 
vithin  the  tubero-mammillary  region. 

One  premature  ovulation  occurred  after  bilateral  injections  5  mm.  from 
he  midline  opposite  the  effective  region  in  the  caudal  neostriatum.  All 
ites  of  response,  except  this  one,  are  shown  in  Figure  1 .  Ovulation  was  in- 
uced  in  the  hypothalamus  only  when  the  tip  of  the  needle  entered  the 
entral  border  (Fig.  1).  ^^'hen  the  tip  of  the  needle  was  in  regions  dorsal  to 


Fig.  1.  A  parasagittal  view  of  the  hen’s  dieneephalon  and  forebrain,  showing  the 
sites  of  inj(>etions  of  progesterone  made  bilaterally  at  1  mm.  Solid  circles,  induced  pre- 
inatun*  ovulation;  open  circles,  no  premature  ovulation;  1,  posterior  commissure;  2, 
anterior  commissure;  3,  tractus  septo-mesencephalicus;  4,  optic  chiasma;  5,  oculomotor 
nerve;  Pit,  jiituitary;  H,  hyperstriatum;  X",  neostriatum;  P,  paleostriatum. 

this  ventral-most  border,  and  thus  along  the  tracks  of  injections  at  or  near 
the  border,  ovulation  was  not  induced.  Despite  the  leakage  observed  on 
withdrawal  of  the  needle,  these  relationships  make  it  reasonably  certain 
tliat  the  effect  of  injection  was  concentrated  at  the  point  of  actual  delivery 
of  the  hormone. 

Results  from  hens  injected  with  progesterone  in  aqueous  suspension  or 
in  corn  oil  solution  support  these  findings,  in  that  those  ovulating  pre¬ 
maturely  (6  out  of  17)  had  been  injected  in  one  of  the  two  effective  regions 
just  described. 

It  is  of  particular  interest  that  the  five  birds  in  which  progesterone  was 
injected  directly  into  the  pituitary  gland  (confirmed  by  histological  ex¬ 
amination  or  l)y  hand  sectioning)  failed  to  ovulate  prematurely. 

None  of  the  twelve  hens  receiving  control  injections  of  propylene  glycol 
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responded  l\v  ovulating  prematurely.  Of  those  hens  injected  intramuscu¬ 
larly  with  the  progesterone  solution,  none  out  of  9  responded  at  10  yug., 
hut  ()  out  of  7  did  so  at  .)()  /ug.  and  4  out  of  o  at  100  mK- 

DISCUSSION 

It  would  appear  that  progesterone  exerts  its  stimulatory  effects  upon  a 
number  of  structures  in  the  hypothalamus  and  an  extensive  region  of  the 
caudal  forehrain.  Even  though  the  injections  were  placed  in  a  systematii 
manner  throughout  the  forehrain  and  median  diencephalon,  it  is  possible 
that  other  progesterone-sensitive  regions  may  exist  in  the  brain  but  were 
not  found  in  this  survey.  Injections  at  more  closely  spaced  intervals  will  [| 
have  to  be  made  to  explore  .‘inch  a  possibility.  L 

The  demonstration  that  the  paraventricular  nucleus  and  the  anterior 
hypophyseal  tract  are  effective  sites  for  stimulation  may  be  correlated  with 
the  finding  that  lesions  placed  in  the  same  region  within  2  hours  after  the 
sy.stemic  injection  of  progesterone  prevent  the  expected  ovulation  (1).  At 
the  same  time  it  is  interesting  that  such  lesions,  destroying  only  a  portion 
of  the  progesterone-sensitive  structures  in  the  hypothalamus,  are  able  in 
some  way  to  prevent  ovulation.  The  question  is  raised  whether  a  lesion  in 
any  of  the  progesterone-sensitive  structures  could  effectively  prevent  in¬ 
duced  ovulation.  Preliminary  results  (unpublished)  indicate  that  lesions 
about  2  mm.  in  diameter  in  the  neostriatum  are  ineffective  in  preventing 
progesterone-induced  ovulation.  The  tubero-mammillary  region  remains  to 
be  investigated. 

The  failure  of  progesterone  to  induce  ovulation  when  injected  into  the 
pituitary  confirms  the  conclusion  of  Kothchild  (2)  that  progesterone  does 
not  cause  release  of  ovulation-inducing  hormone  by  direct  stimulation  of 
that  endocrine  gland. 

Although  no  attempt  was  made  to  estimate  the  minimal  dose  for  induc¬ 
ing  ovulation,  about  o  /ig.  of  progesterone  was  an  effective  quantity  when 
placed  at  a  proper  site  in  the  brain.  This  may  be  compared  with  the  results 
of  intra-muscular  injections,  where  10  mK-  were  ineffective  but  oO  and  100 
gg.  induced  ovulation.  Thus,  the  effective  do.se  when  administered  intra¬ 
muscularly  must  be  at  least  twice  and  perhaps  10  times  that  needed  when 
injected  into  responsive  sites  of  the  brain  to  induce  ovulation  regularly.  It 
is  of  some  interest  that  the  hens  u.sed  in  the  pre.sent  experiments  appeared 
to  be  more  sensitive  to  subcutaneously  injected  progesterone  in  propylein* 
glycol  than  were  the  hens  used  by  Fraps  and  Dury  (4)  to  progesterone  in 
corn  oil. 
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PITUITARY  GONADOTROPHINS  IN  THE  EWE  AT 
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ABSTRACT 

'I'lio  coiitoiit  of  FSH,  LII.  and  I/l'H  in  ewe  pituitarit's  lias  Ix'on  di'torinincd 
at  till'  following  staf>:(>s  of  tin*  I'strons  cvclc:  4  liours,  ‘.io  lioiiis,  10  days,  and  1  o 
days  after  first  aceeptance  of  tlie  rain.  Pituitary  FSH  and  LH  decrcaised  si^nifi- 
cantlv  Between  4  liours  and  35  hours  after  first  aecejitanee.  and  then  returned 
to  jiroestrus  levels  by  the  fifteenth  day  of  the  eyeh*.  Pituitary  LTH  content  did 
not  vary  sif;nifieantly  duriiifi;  the  estrous  cycle  with  the  assay  teehniipies  ein- 
ployed.  It  is  sugf^ested  that  FSH  plays  an  active  role  in  the  induction  of  ovula¬ 
tion  in  the  ewe  and  that  the  assumption  of  a  specific  release  of  LH  may  not  he 
valid  for  this  s|)eeies. 

The  po.stulate  that  follicle  stimulating  hormone  (FSH)  and  luteiniz¬ 
ing  hormone  (LH)  are  needed  in  sequence  for  certain  of  the  ovarian 
clianges  to  proceed  suggest.s  that  different  concentrations  are  necessary  at 
different  times  of  the  estrous  rhythm.  For  this  reason,  studies  of  the  varia¬ 
tions  in  gonadotrophic  activity  of  the  anterior  pituitary  as  a.s.sociated  with 
different  .stages  of  the  estrous  cycle  are  important. 

Some  studies  of  total  gonadotrophic  activity  of  the  pituitary  have  been 
made.  Thus,  a  reduction  in  activity  at  estrus  and  during  the  luteal  phase 
lias  been  reported  for  the  sow  (1,  2),  guinea  pig  (3),  rat  (4),  and  ewe  (o). 

Qualitative  differences  in  the  respon.se  of  the  assay  animal  has  suggested 
that  pituitary  FSH  and  LH  activities  may  vary  independently  during  the 
cycle  (3,  4).  Changes  in  pituitary  luteotrophic  hormone  (LTH)  have  not 
been  reported. 

Preliminary  observations  previously  reported  by  us  ((>)  suggested  that 
the  anterior  pituitary  content  of  LH  and  LTH  did  not  vary  significantly 
during  the  estrous  cycle  of  the  ewe.  In  contrast,  a  marked  reduction  of 
FSH  had  occurred  between  the  fourth  and  thirty-fifth  hour  after  onset 
of  estrus. 

The  present  studies  were  conducted  to  further  investigate  changes  in 
the  pituitary  gonadotrophins  during  the  cycle  and  to  elucidate  the  pos- 
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.sible  importance  of  FSH  in  the  ovulating  mechanism.  In  certain  respects, 
the  present  stiuh'  was  better  controlled  than  the  earlier  one;  the  ewes  were 
more  uniform  in  age  and  the  glands  from  all  intervals  were  assayed  simul¬ 
taneously. 

METHODS 

F'orty-tlir(‘(“  cross-bml,  wliitt*  faced  cwcs,  ranging  in  age  from  2  to  4  y»*ars.  were 
tested  daily  for  estrus  with  an  “aproned”  or  vaseetoinized  ram.  The  time  of  estrns  was 
flesignated  a.s  the  day  when  the  ewe  first  accepted  tin*  male,  and  the  length  of  the  cych 
was  the  inti'rval  between  the  occurrence  of  each  estrus.  .Vfter  the  regularity  of  estrous 
cycles  was  established,  tin*  ewes  w(*n*  sacrificed  so  that  ten  ewes  wen*  included  in  each 
of  the  following  stages:  4  hours  and  3.5  hours  after  first  acct*ptance  of  tin*  male,  the  tenth 
and  fifteenth  day  post-estrus.  Three  ewes  were  sacrifict*<l  on  the  fifth  day  post-estrus. 
'I'he  moment  of  onset  of  sexual  receptivity,  for  those  ewes  in  the  4  and  3.5  hour  groups, 
was  determined  by  placing  a  vasectomiz(*d  ram  with  the  ew(*s  and  obs(*rving  continu¬ 
ously  for  24  hours  a  day. 

.\nimals  were  sacritic(*d  by  exsanguination.  4'he  pituitary  gland  was  r(*moved  as 
(juickly  as  possible,  weighed,  frozt*n  with  dry  ice,  and  the  po.sterior  lobe  n*moved.  'I’he 
anterior  lob(*s  were  lyophilized  and  stored  in  the  dry  state  until  assay(*d.  'I’he  n*produc- 
tiv(*  tract  of  each  ewe  was  removed  and  macroscopic  ob.servations  r(*cor(h*d.  I’he  ovarit*s 
and  adrenals  as  well  as  pieces  of  the  uterus,  c(*rvix,  and  vagina  w(*r(*  fixed  in  10%  forma¬ 
lin.  'I'he  ovaries  w(*re  bisected  thn)Ugh  the  largest  follich*  and  (*orpus  lut(*um  to  m(*asure 
the  diameters  of  these  structures.  .\11  tissues  were  sectioned  at  10  ix  and  stain(*d  with 
hematoxylin  and  eosin  for  histologic  examination. 

'I’he  ten  anterior  pituitaries  representing  each  stage,  (*xcei)t  the  .5-day  grouj),  were 
randomly  paired,  thus  providing  sufficient  material  in  each  of  the  five  samj)les  to  (*val- 
uate  the  content  of  the  three  gonadotrophins.  Since  only  three  ewes  were  involv(*d  in 
the  .5-day  group,  their  pituitaries  were  tested  individually  for  FSH  and  LH  only. 

FSH  determinations  were  based  on  the  augmentation  reaction  with  human  chori¬ 
onic  gonadotrojjhin  (HCG)  described  by  Steelman  and  Pohley  (7).  'I’wenty-one  to 
twenty-two  day  old  intact,  female  Sprague-Dawley  rats  were  injected  subcutaneously 
once  daily  over  a  period  of  three  days  with  a  saline  suspension  of  pituitary  powder.  In 
all  cases  20  i.u.  of  HCG  (.\ntuitrin-S)’  served  as  the  augmenting  dose.  Each  rat  received 
a  total  of  10  mg.  of  dried  anterior  pituitary  combined  with  the  HCG.  Control  rats  re¬ 
ceived  HC(i  alone.  .\t  n(*cropsy,  72  hours  after  the  first  injection,  the  ovaries  were  dis¬ 
sected  free  of  surrounding  tissue  and  weighed  to  the  nearest  0.2  mg.  FSH  activity  was 
indicated  by  the  increase*  in  ovarian  weight  over  that  of  the  HCCf  controls. 

LH  assays  were  baseil  on  the  method  des(*rib(*d  by  Gn*ep,  et  al.  (8).  Male  Sprague- 
Dawley  rats  were  hypophysectomized  at  21  to  22  days  of  age.  Beginning  on  the  .second 
post-oi)erative  day,  they  were  inj(*ct(*d  intrai)e*ritom*ally  twice  daily  for  four  days  with 
a  total  of  2  mg.  of  dried  anterior  lobe  jiowder  suspended  in  saline.  .\t  necropsy,  90  hour- 
after  the  first  injection,  the  ventral  prostate  was  removed  and  w(*ighed  to  the  nearest 
0.2  mg. 

L'l'H  was  estimated  by  the  croj)  gland  response  in  market  age  Silver  King  squabs.  .' 
total  of  8  mg.  of  anterior  pituitary  was  administered  by  subcutaneous  injections  givei 
once  daily  over  a  period  of  four  days.  On  the  fifth  day,  the  stimulated  portions  of  th 
crop  sacs  were  dissected  free  and  weighed  to  the  nearest  0.01  gm.  (9). 

Ewe  pituitaries  from  each  of  the  four  intervals  of  the  cycle  were  tested  simultaneous! 
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n  ('ach  group  of  assay  animals  used.  An  analysis  of  variancp  with  two-way  classification 
vas  made.  Thus,  variation  in  response*  arising  from  changes  in  hormone  activity  as  as- 
ociated  with  the  stage  of  the  cycle  was  separated  from  variation  flue  to  differences  in 
ensitivity  between  groups  of  assay  animals. 

RESULTS  .\\I)  DISCUSSION' 

(’jjcic  Length  and  Ovarian  Changes,  To  properly  interpret  the  findings  on 
fituitary  gonadotrophin  content,  it  is  essential  to  have  information  on 
he  length  of  the  cycle  and  ovarian  changes  in  the  ewes  employed.  In  this 
tudy,  the  average  cycle  length  of  IS  days  is  slightly  greater  than  that 
eported  by  most  investigators.  Since  the  majority  of  cycles  fell  between 
14  and  19  days,  it  is  possible  that  those  recorded  as  28-38  days  are  double 
ntervals  in  which  behavioral  heat  was  not  observed  at  the  expected  time. 
If  this  assumption  is  correct,  the  average  would  be  somewhat  closer  to  17 
lays  in  length. 

No  instance  of  ovulation  was  .seen  in  the  ovaries  of  those  animals 
slaughtered  at  four  hours  after  first  acceptance.  By  contrast,  recent  ovula¬ 
tion  had  occurred  in  all  animals  .sacrificed  at  35  hours,  an  observation  in 
agreement  with  the  report  of  Cole  and  Miller  (10)  that  ovulation  occurs 
aliout  30  hours  after  onset  of  heat  in  this  species.  Macroscopically  the 
corpora  lutea  ob.served  at  5,  10,  and  15  days  as  well  as  at  four  hours  of  the 
succeeding  cycle  appeared  as  healthy  functional  .structures.  At  35  hours 
these  structures,  from  the  preceding  cycle,  were  le.ss  vascular  as  indicated 
l)y  their  anemic  appearance.  The  diameter  of  the  corpus  luteum  reaches 
its  maximum  size  about  the  tenth  day  of  the  cycle.  Follicular  growth,  on 
the  other  hand,  appears  to  be  continuous  throughout  most  of  the  cycle. 

Histologically,  the  freshly  ruptured  follicle  (at  35  hours)  is  lined  with 
a  deeply  folded  granulosa  with  little  or  no  sign  of  luteinization  at  this 
time.  After  five  days  the  corpus  luteum  is  well  formed,  but  luteinization 
of  the  granulosa  cells  is  not  as  yet  complete.  By  the  tenth  day  post-e.strus 
vacuolization  of  the  luteal  cells  and  fibroblast  infiltration  indicate  that 
regressive  processes  have  begun.  These  changes  progress  slowly  up  to  four 
liours  after  onset  of  estrus  of  the  .succeeding  cycle.  In  agreement  with  the 
findings  of  Quinlan  and  Mare  (11),  marked  regre.ssion  of  the  corpus  luteum 
from  the  preceding  cycle  has  occurred  by  the  thirty-fifth  hour  after  onset 
of  estrus.  These  changes  include  extensive  fibroblast  infiltration,  pycnotic 
nuclei,  and  reduced  cell  .size. 

Histological  examination  of  the  uterus,  vagina,  cervdx,  and  adrenal  gland 
did  not  reveal  marked  changes  a.ssociated  with  the  cycle  nor  did  pituitary 
ind  adrenal  gland  weights  vary  significantly. 

LTH  Content.  In  accord  with  our  earlier  findings,  the  lactogenic  hor- 
none  content  of  sheep  pituitaries  did  not  differ  .significantly  among  the 
various  stages  of  the  estrous  cycle.  The  average  weight  of  crop  sacs  in  mg. 
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for  each  stage  of  the  cycle  was  as  follows:  4  hours,  8.0:  8.5  hours,  8.0; 
10  days,  8.8;  and  1.5  days,  8.8.  h^or  the  untreated  controls,  the  average  crop 
.sac  weight  was  1.4  mg. 

On  the  basis  of  diameter  measurements  and  histological  study,  rapid 
regre.ssion  of  the  corpus  luteum  does  not  occur  until  after  ovulation  of  the 
.succeeding  cycle  at  a  time  when  the  new  corpus  luteum  is  forming.  For 
this  reason,  appreciable  changes  in  pituitary  LTH  content  would  not 
necessarily  be  expected. 

LH  Coutent.  A  statistically  significant  drop  occurred  between  the  fourth 


Table  1.  ( 'lOXADoTRorHic  hormone  context  ok  ..^heep  pitcitaries  at  variocs 

STATE.S  OK  THE  ESTROl  S  CYCLE 

(Kach  per  opnt  incroasp  rpfprs  to  thp  rpspoiisp  oWtaiiiod  l)y  a  pair  of  pituitarip.^) 


StaiJP  of  pycl(> 

4  hrs.* 

:t.T  hrs.*  h  dayst  10  days 

l.T  days 

FSH 

20(6): 

16(61 

1(.5) 

27(6) 

:t5(6) 

Ppr  ppnt  iiUTPasp  in  ovarian 

0(6) 

-2(6) 

-2(6) 

12(6) 

20(6 1 

wpipht  ovpr  UC'(!  controls 

:{6(6l 

—  6(.t) 

4(.5) 

18(6) 

11(6) 

41(6) 

20(6) 

:14(6) 

46(6) 

67  (ti) 

.54(6) 

60(6) 

61(6) 

Mpan  ± S. Iv 

:i.T±  10 

16  +  11 

1  ±2 

:i2  +  10 

:i6  ±  8 

LH 

224(6) 

1 .57  (6) 

101(.5) 

171(6) 

2:t2(6) 

IVr  cpnt  inerpasp  in  ventral 

220(4) 

80  (.5) 

77(4) 

1 17(.5) 

1 14(6) 

prostatp  wpiKht  ovpr  nnin- 

2:t7(4) 

68  (.5) 

272(.5) 

117(.5) 

148(.5) 

jpctpd  controls 

2S8(6) 

141(6) 

206(4) 

211  (.5) 

:ioi(.i) 

240  (.5) 

101  (.5) 

2.52(.5) 

•Mean  ±S.K. 

2.=i4  ±  1 7 

i:to  +;to 

180 +.57 

160+10 

102  ±26 

*  Tiinp  from  onspt  of  pstrus*. 

t  Thpsp  valiips  rpprpspiit  rpsponsps  from  imiiviciiial  pitiiitarip.«  ami  thus  wprp  not  iiiclmlcai 
in  analysis. 

+  Fimirps  in  parpiithpsps  rpfpr  to  numhpr  of  rats  uspd  ppr  assay. 


and  thirty-fifth  hour  followed  by  an  increase  as  the  cycle  advanced 
(Table  1).' 

\  drop  in  LH  content  in  the  immediate  post-ovulatory  period  fits  well 
with  the  pre.sent  widely  accepted  concept  of  LH  release  as  the  stimulus 
for  ovulation.  Lane  and  Hi.saw  (4)  found  that  pituitary  LH  activity  was 
least  in  adult  rats  during  diestrus  and  greatest  during  estrus  and  suggested 
that  LH  was  the  "ovulating”  hormone.  Our  results  likewise  suggest  that 
LH  release  is  involved  with  release  of  the  egg. 

In  our  previously  reported  work  (6),  we  did  not  observe  the  drop  in  LH 
content  of  the  pituitary  at  the  thirty-fifth  hour;  however,  glands  from  the 
.several  intervals  were  not  assayed  simultaneously,  and  thus  we  have 
greater  confidence  in  the  results  obtained  in  the  present  experiment.  It  is 
impo.ssible  by  present  procedures  to  estimate  the  circulating  LH  activity 
of  a  cycling  animal  beyond  the  observation  that  luteinization  has  oc¬ 
curred.  Thus,  slight  changes  in  systemic  levels  of  this  hormone  independent 
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of  pituitary  content  may  have  occurred  in  the  earlier  trials.  In  the  guinea 
pig,  the  amount  of  LH  required  to  cause  luteinization  appears  to  be  satis- 
ied  by  the  amount  necessary  for  ovulation  (12)  and  in  the  hypophy- 
^ectomized  female  rat  small  amounts  of  LH  are  sufficient  to  initiate  luteini- 
-cation  when  administered  with  large  doses  of  FSH  (IR,  14). 

FSH  Content.  In  both  the  earlier  experiment  (0)  and  in  the  present  one, 
he  changes  in  pituitary  content  of  FSH  throughout  the  cycle  were  con- 
dstent.  A  significant  decrease  was  seen  between  the  fourth  and  thirty- 
fifth  hour  after  onset  of  heat.  The  level  remained  low  until  the  fifth  day 
of  the  cycle  after  which  it  increased  rapidly  and  remained  high  until  the 
next  ovulatory  period  (Table  1). 

It  is  of  interest  to  compare  the  changes  in  pituitary  FSH  with  the  rate 
of  growth  of  the  follicle.  Diameters  of  the  largest  follicles  at  different  stages 
of  the  estrous  cycle  indicate  appreciable  follicular  growth  between  the  pe¬ 
riods  of  35  hours  and  5  days.  In  this  period,  the  content  of  FSH  is  lowest. 
After  the  fifth  day,  follicular  growth  rate  is  constant  up  to  15  days  and 
pituitary  FSH  values  are  increasing.  There  is  no  change  in  follicular  size 
l)etween  day  fifteen  and  four  hours  after  onset  of  heat  of  the  succeeding 
cycle.  Pituitary  FSH  activity,  likewise,  is  the  same  for  these  two  periods. 

The  follicular  diameter  measurements  suggest  that  FSH  is  being  se¬ 
creted  continuously  by  the  pituitary  from  the  end  of  heat  to  about  day 
fifteen.  Thus,  the  increase  in  pituitary  content  of  this  hormone  during  the 
follicular  phase  would  suggest  synthesis  and  storage  in  excess  of  secretion. 
Since  both  secretory  rate  and  synthesis  appeared  to  have  plateaued  by 
(lay  fifteen,  a  sudden  release  must  explain  the  drop  between  the  fourth  and 
thirty-fifth  hour  after  onset  of  estrus. 

Constant  growth  rate  of  the  follicle  from  the  end  of  one  heat  period  to 
the  onset  of  the  next  heat  has  been  ol)served  in  the  guinea  pig  (15)  and  in 
the  rat  (Ki).  In  these  investigations,  a  marked  increase  in  growth  rate 
from  the  onset  of  estrus  until  ovulation  (about  10  hours  in  both  species) 
was  also  reported.  A  preovulatory  swelling  has  been  observed  in  the  rab- 
bit  (17)  and  in  the  ewe  (18).  The  marked  drop  in  pituitary  content  of  FSH 
l)etween  the  fourth  and  thirty-fifth  hour  associated  with  the  pre-ovulatory 
'Welling  supports  the  concept  of  rapid  release  of  this  hormone  at  this  time. 

Nalbandov  (19)  cites  evidence  to  suggest  that  in  the  normal  cycling, 
'pontaneously  ovulating  female,  pituitary  content  of  gonadotrophin  re¬ 
flects  systemic  levels.  On  the  other  hand,  there  is  evidence  to  suggest  that 
the  gland  content  may  not  reflect  the  secretory  rate  under  certain  condi¬ 
tions.  In  the  anestrous  ewe  (5),  pituitary  content  is  high  but  the  ovaries 
are  relatively  inactive.  The  decreased  gonadotrophin  content  of  rabbit 
i)ituitaries  which  occurs  24  hours  post-coitus  probably  represents  a  rapid 
relea.se  (20),  as  does  the  decreased  content  of  pituitary  gonadotrophin  at 
I  lie  time  of  estrus  in  spontaneously  ovulating  species  (1);  (2);  (3);  (4); 
md  (5). 


n 


278 


SANTOLITITO,  CLEGG  AND  ('OLE 


Volume  fiti 


When  follicles  are  sufficiently  mature  beforehand,  ovulation  can  be 
readily  induced  with  gonadotrophins  rich  in  follicle  stimulating  activity 
(21).  Foster  and  Hisaw  (22),  using  “purified”  preparations  of  FSM  and 
LII,  found  that  a  mixture  of  the  two  was  more  effective  than  either  oiu 
alone  for  inducing  ovulation  in  the  anestrous  cat.  The  optimum  respons(' 
with  their  preparations  was  obtained  with  a  mixture  of  oO  parts  FSH  and 
1  part  LH. 

Figure  1  shows  clearly  the  immediate  post-ovulatory  drop  in  both  FSH 
and  LH.  Furthermore,  the  changes  in  the  content  throughout  the  cycle 
follow  a  similar  pattern  for  both  hormones.  It  would  be  possible,  but  pure- 


Fig.  1.  Pituitary  content  of  LH  and  FSH  hormones  during  the  estrous  cycle. 

ly  speculative,  to  interpret  the.se  findings  as  indicating  the  secretion  of  a 
protein  complex  having  both  P\SH  and  LH  activities.  Such  a  view  gains 
support  from  the  recent  work  of  Higas,  ei  al.  (23)  in  which  electrophoretic 
separation  of  highly  purified  human  pituitary  or  urinary  gonadotrophin 
failed  to  confine  FSH  and  LH  activities  to  separate  components. 

Nevertheless,  qualitative  changes  have  been  reported  in  pituitary 
gonadotrophins  (3,  4)  as  welt  as  in  human  urinary  gonadotrophins  (24,  2o) 
throughout  the  cycle.  These  ol)servations,  of  course,  are  not  without  their 
counter  evidence  (26,  27).  Such  data  as  are  av’ailable  do  not  permit  an 
interpretation  of  whether  there  are  two  hormones  involved  or  one  protein 
complex  with  two  prosthetic  groups.  Either  of  these  explanations  could 
conceivably  permit  shifts  in  the  FSH:LH  ratio. 

Whether  or  not  the.se  activities  exist  as  one  or  two  entities  cannot  be 
settled  by  this  studj*.  However,  our  results  clearly  demonstrate  that  both 
FSH  and  LH  activities  are  implicated  in  the  induction  of  ovulation  in  the 
ewe.  Perhaps  more  important  than  slight  alterations  in  the  ratio  of 
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FS11:LII  liberated,  a.s  tlie  .stimulus  for  ovulations,  is  the  rather  rapid 
release  of  gonadotrophins.  Thus,  the  assumption  by  many  of  LH  as  the 
M'ulating  hormone  may  not  be  valid. 
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SF(T()M1ZF1)  RATS  IX  WHK’H  LA(TATI()X 
WAS  IIORMOXALLY  IXDUC'KIP 

S.  ARHAHAM,  P.  CADY,  and  I.  L.  CIIAIKOFF 

From  ilu-  Di  imrlmtnt  of  Flinsiologn,  Fniversitij  of  Califontin,  litrkelcg,  Colifonno 

ABSTRACT 

Rats  wliicli  liad  been  hyimpliyscctomizod  in  inidpri'gnancy  wore  injcctt'd 
daily  during  tin*  postpartum  jM-riod  witli  (‘itlu'r  a)  maminotroidun,  A'-liydrti- 
cortisoiu'  acetate,  and  soinatotropliin,  or  b)  inainmotrophin  anti  A'-hydroeor- 
tisone  acetate  or  c)  A'-hydrocortisone  acetate  and  soinatotropliin  or  d)  one  of 
these  hormones  alone.  'I'he  pattern  of  fjlucose  and  acetate  metabolism  in  slices 
of  their  mammary  ■jlands  was  evaluated  by  the  following  criteria:  1)  the  extent 
and  relative  convtTsion  of  ftlucose  carbons  1,  2.  and  b  to  C'C).>  and  fatty  aciils; 

2)  the  relative  iiarticijiation  of  the  Kmbden-Meyerhof  and  the  hexosemono- 
phosphate  oxiilative  (lathways  of  <rlycolysis  in  the  conversion  of  glucose  to  fatty 
acids;  and  3)  the  stimulating  effect  of  glucose  on  liiiogenesis  from  acetate. 

Lactation  was  established  and  maintained  in  rats  injected  with  hormone's 
listed  uinler  a)  and  b)  above.  I'he  metabolic  bc'havior  of  their  mammary 
glands  was  identical  in  all  resiiec's  with  that  observed  in  mammary  tissue  of 
normal  lactating  rats. 

A  metabolic  feature  of  the  hormonally-maintained,  lactating  mammary 
glands  of  the  hyiioiihysectomized  rats  was  the  jiarticipation  of  a  non-Einbden- 
Meyerhof  pathway  in  the  conversion  of  glucose  to  fatty  acids.  The  appearance 
of  this  pathway  seemed  to  be  related  to  milk  formation  and  secretion  and  not 
to  glainl  growth  and  development. 

IT  HAS  1  leen  known  for  many  years  that  hypophyseetomy  abolishes 
milk  secretion  (1),  ami  it  has  been  .shown  more  recently  that  lactation 
can  be  induced  in  the  hypophysectomized  rat  by  administration  of  various 
combinations  of  adenohypophyseal  and  adrenocortical  hormones  (2,  3). 
The  effects  of  the.se  hormones  on  the  histology  and  lactational  performanci' 
of  the  mammary  gland  have  been  studied  (4-7),  but  their  actions  on  tlu' 
metabolism  of  the  gland  have  not  so  far  been  reported.  The  present  repoit 
deals  with  the  metabolic  behavior  of  mammary  glands  of  rats  that  wen* 
hypophy.sectomized  in  mid-pregnancy,  and  injected  with  one  or  more  of 
the  following  hormones,  beginning  on  the  day  of  parturition:  mammo- 
tropliin  (lactogenic  hormone),  somatotrophin  (growth  hormone),  and  A' 
hydrocortisone  (prednisolone).  The  mammary  glands  of  three  groups  o' 
such  rats  were  studied.  In  one,  milk  .secretion  was  succe.ssfully  maintaim" 
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1)V  daily  lioinioiie  treatments  duiiiifi:  the  postpartum  period;  in  the  second 
}rroup,  the  hornional  treatments  failed  to  estal)lish  lactation;  in  the  third, 
lactation  was  first  maintained  l)y  daily  postpartum  hormonal  injections 
and  then  arrestc'd  hy  discontinuation  of  these  treatments. 

KXeEUIMKNTAI. 

and  Their  Treatment  Itats  of  tlio  l.oiiij;-IA:o)s  strain  were  liypopliysoctoinizc'd 
liy  tli(“  parapliarynfjii'al  i-outc  on  the  (‘Icvcntli  day  of  tlioir  first  prcijnancy,  and  liorinoiu' 
inj(‘ctions  were  l)(“j>nn  on  tlu'  day  of  parturition  (Tal)!('  I).  'I'lic  advantaftcs  of  ]>t‘rforin- 
iii}!  liy|)ophys(‘<'toniy  in  tlic  middle  of  ))r(‘<fnancy  ratiu'r  than  durin*!  lactation  have  heen 
l)ointed  out  l)y  Hintarnin^sih  et  al.  (3).  At  delivery,  ea(di  inotlier  was  supplied  with 
either  six  of  her  own  or  six  foster,  new-horn  pu])s.  and  these  or  other  new  pups  wi're 
kept  with  her  for  the  duration  of  tiu'  I'xperiiuent.  When  lactation  was  not  induced, 
iresh  new  pui)s  were  su|)plied  to  the  mother  daily.  I-aetational  performance  was  judf^ed 
l)y  the  weif!,ht  incn'inent  of  tlu'  litti-r  duriiif;  tin*  last  five  days  of  the  experiimmt.  Tlu' 
lats  weiH'  fed,  before*  as  we'll  as  afte'i*  parturitieen,  a  steeck  elie't  1  of  natural  toodstutfs,  the* 
coinpeesitieen  of  whie*h  h,*is  l)e*e*n  de*se*ril)e*d  e*lse*whe*re*  (S). 

The*  motln'i's  we*re*  kilh*d  by  e*e*rvie*al  frae*ture*  on  the*  day  afte*r  the*  last  eef  10  daily 
hormeene*  inje'ctieeiis.  and  parts  eef  the*ir  mammary  jilnnels  we*re*  epiickly  (*xeise*d  and  plae*e*d 
in  ie'e*-e*old.  e)xy>;e*nate*d  Kr(*bs-Me*nse*le*it  buffe*r  (9).  The*  re'mainiiifi  ^l;inds  we*re*  use*d  for 


Tabi.k  1.  Histouy  of  n Yi'oen YSKe  roMizEi)  kats  and  tiieik  iiokmonai.  tkeatment 


Rats  of  the*  Long-l'A'ans  strain  we*re*  hype)i)hyse*ctonnze*d  eni  the*  e*le*ve*nth  ehiy  of  pre*{!:nancy, 
and  horinenie*  inje'e'tieens  we*re  be*nun  eeii  the  day  eef  parturition.  .Ml  rats  we*re*  itije*e*t(*d  suli- 
i  iitaneeeusly  with  one*  eer  more*  of  the*  henineenes  elaily  for  10  days.  .Ml  rats  except  ne)s.  18  and 
lit  were  killeel  on  the*  elay  afte*r  the*  last  hormone*  inje*(*tion  (i.e*.,  e*le*ve*nth  ehiy  postpartum). 
Reits  18  and  ill  were*  killed  -t  elays  afte*r  the*y  r(*(*e*ive*(l  the*ir  last  heermone*  inje*(*tion  (i.e., 
I  1th  day  pe)st])artiim). 


Rat 


1 

2 

4 


11 
1 1 
12 

13 

14 
1.5 
It) 

17 

18 
lit 

*  Rated  on  an  arbitrary  s(*ale*  eef  0  to  +  +  +  -i-,  0  re*pre*se*ntinK  nhind  re'nre'ssieui  to  the*  duct 
tage  anel  +  +  +  -k  the*  fully  ele*ve*le)pe*el  ({land. 

t  b  =  lae*tatie>ei,  and  refers  not  eenlv  tee  milk  se*(*re*tion  but  also  to  de*live*ry  as  shown  by  its 
h*te*(*tion  in  the  stomae*hs  eef  the  sucklings.  Xb  =  not  hu'tatiug. 

+  Iluring  last  live*  days  Ix'fore*  the*  mother  was  kille*d. 

J  S(*(*  te*.\t  and  footnote*  (*)  in  Table*  4. 


body  we'ight 

Hormone'S  inje*e*te*d 

At 

partu¬ 

rition 

When 

kille'd 

.Mamme)- 

trophin 

A'-hyelro- 

('ortiseene* 

ace'tate* 

Seimato- 

trophin 

tjm. 

gm. 

mg.  i)e‘r 
day 

mg.  pe*r 
dav 

mg.  pe*r 
(hiv 

lltt) 

11)1) 

5 

0.4 

1  .() 

111.5 

187 

.5 

0.4 

1  .0 

212 

213 

5 

0.4 

1  .0 

211) 

210 

10 

0.4 

0 

214 

207 

10 

0.4 

0 

11)0 

188 

2 . 5 

0.4 

1  .0 

18.5 

187 

2 . 5 

0.4 

1  .0 

11)0 

11)5 

2 .  .5 

0 

0 

t 

227 

2 . 5 

0 

0 

128 

0 

0.4 

0 

158 

145 

0 

0.4 

0 

178 

187 

0 

0.4 

1  .0 

21 1 

21 1 

0 

0.4 

1  1  .0 

21)t> 

0 

0 

1  .0 

210 

204 

5 

0.4 

0 

11)1) 

11)1) 

5 

0.4 

0 

( iross 

el(*ve*leipme‘nt 
of  mammary 
gland* 


bacta-  (irowth 
tiont  ])e*r  pui)* 


b 

b 

b 

b 

b 

b 

b 

Xb 

Nb 

Nb 

Nb 

Xb 

Nb 

Xb 


gm.  ))e*r 
dav 
1  .3 
I  .4 
0.1) 

1  .4 
1  .0 
1  .4 
1  .2 
0 
0 
0 
0 
0 
0 
0 


L 


2S2 


AI{|{.\HAM,  CADY  AND  CHAIKOFK 


Volinni  ii<i 


inicroscopic  exainiiiatioii.  Tlic  coniijlcti'  al)si‘iicc  of  tin*  pituitary  mlaiuls  in  all  rats  \va^ 
confiriiH'd  at  necropsy. 

Wo  aro  indobtod  to  Dr.  W.  R.  Lyons  and  Miss  R.  K.  .Johnson  for  tlio  preparation  of 
the  rats.  The  source  and  purity  of  the  hormones  used  in  this  study,  and  the  lactational 
and  nursing  behavior  of  the  rats  have  been  reported  by  liintarningsih  H  nl.  (3). 

SubstrnU'S — (Jlucose-l-C'^  and  giucose-2-(’'^  were  purchased  from  the  National 
Bureau  of  Standanls.  (llucose-tK’'^  and  acetate-2-('*^  were  jjrepared  in  this  laboratory. 
The  labeled  he.xoses  used  in  this  study  were  shown  to  be  chromatof!;rai)hically  pure  ami 
to  <‘ontain  the  isotoja'  exclusively  in  the  designated  position  (10).  IIk'  acetate  wa^ 
added  to  the  incubatiim  medium  as  the  sodium  salt. 

I ncuhation  l*roiedun — Slices  were  ])rei)ared  fre«‘hand  with  tin*  aid  of  a  thin  razor 
blade,  washed  in  four  successive  portions  of  colil,  oxyf;enated  Krebs-Uenseleit  bicarbo¬ 
nate  buffer  to  remove  as  much  i)refornu“d  milk  as  possible,  and  fjently  blotted  with  filter 
jraper.  .50U-mf!;.  jrortions  were  incubatc'd  as  (h'seribed  in  Table  2. 

Analytical  Procedun — The  colh'ction  and  assay  of  C'^O?.  the  isolation  of  the  non¬ 
volatile  fatty  acids,  and  determination  of  their  C'^  l•ontent  were  carried  out  as  described 
earli(*r  (11). 

RESULTS 

Kxperimcntu  with  Mummunj  (iUinds  of  II ijpophysectomized  Haiti  in  which 
Lactatioa  ITr/s  Succestifulli/  Maintained  bp  Daily 
Postpartum  Hormone  Injections 

Five  rats  (1-R,  7,  anti  9)  were  injected  with  mainmotropliin,  soinato- 
tropliin,  and  A'-hytlrocorti.sone  acetate.  Rats  4  and  5  received  only  mani- 
motrophin  and  A'-liydrocortisone  acetate.  The  state  of  development  of  the 
mammary  glands  at  the  time  they  were  excised  for  study  is  given  in  column 
7  of  Table  1.  Milk  was  expre.ssiltle  from  the  glands  of  all  seven  rats,  and 
each  of  the  pups  fostered  hy  these  rats  gained  from  0.9  to  1.0  gm.  daily. - 
The  glands  of  these  rats  were  similar  in  gross  and  microscopic  appearance 
to  those  of  normal  lactating  rats. 

The  metabolism  of  the  mammary  glands  of  the.se  .seven  hypophyseclo- 
mized  rats  is  shown  in  Table  2. 

r'Y>2  Recoveries  from  Glueose-1 and  In  a  .series  of  ex¬ 

periments  carried  out  with  slices  prepared  from  the  mammary  glands  of 
.seven  normal  lactating  rats,  the  C‘M)2  recoveries  ranged  from  22.5  to  45.5 
per  cent  for  glucose-l-C'^  from  12.5  to  19.8  per  cent  for  glucose-2-C'\  and 
from  1.1  to  2.0  per  cent  for  glucose-O-C*^;  the  incubation  conditions  were 
the  same  as  those  described  here.  The  C‘H)2  values  observed  with  the  mam¬ 
mary  glands  of  the  lactating,  hypophysectomized  rats  (Table  2)  were  well 
within  the  range  of  values  ob.served  with  normal  lactating  rats.  Further¬ 
more,  the  relative  amounts  of  C'^()2  derived  from  the  three  differentl.\ 
lal)eled  glucoses  were  the  .same  for  normal  rats  and  for  the  hormonally- 
treated,  hypophy.sectomized  rats.  Thus,  in  all  cases  glucose-1 yielde< 
the  highest  C'^02  values,  and  glucose-O-C'^  the  lowest. 


-  Tlic  lu  w-boni  i)up  (»f  ;i  naturally  lavtatiiis,  Long-Evans  rat  gains  about  2  gin.  jif 
I  lay. 
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'I’abi.e  2.  Metabolic  activity  of  mammary  olam)  slices  l•REI•AKEl)  from  rats 

IIYI’OIMIYSECTOMIZEl)  AT  MIIH’REC.N AXCY  AM)  IX  WHICH  LACTATIOX  WAS  SUCCESS- 
Fl  LLY  MAIXTAIXEI)  BY  HORMOXE  TREATMEXTS 

For  liistory  of  rats  and  details  of  liorinone  administrations  see  Table  1.  ot)l)  mu.  of  slices 
were  incubated  for  d  hours  at  d7°  in  a  medium  consisting  of  4.5  ml.  of  Krebs- Hen.seleit  bi- 
•arbonate  mifTer  at  pll  7.4  and  5t)  ixmoles  of  the  labeled  substrate!  in  0.5  ml.  of  saline.  In 
he  experiments  with  unlabeled  glucose,  50  /ximdes  of  the  hexo.se  in  0.1  ml.  of  saline  were  added 
to  4.4  ml.  of  the  bicarbonate  buffer.  The  final  volume  in  all  ca.ses  was  5.0  ml.  The  gas  phase 
vas05  j)er  cent  (b  and  5  piw  l•ent  CO;.  The  values  recorded  an'  averages  of  two  closely  agri'c- 
ng,  .separate  determinations. 


^  1 

lloriiiom*.'!  injorted 

Substrate 

Per  cent  of  C'< 
recoven^d  as: 

Per  cent  of  fatty  acid- 
(^‘<  derived  from 
added  clucixse  via:* 

Hilt 

1 

.  llexase- 

No. 

. ,  ■  A'-hvdro- 

Ktiibden<  |  inonophus 

.Matntno-  ,  <*ortisnm* 

Soiiiato- 

I.Hlv|edt 

I'nlabfded 

CO. 

lutfy 

Mevcrhttf  phate  oxi- 

tiophin  ;  acetate 

tropinii 

acids 

pathway  l  dative 

. 

pathway 

1 

ICs  Yes 

Yes 

<ilueose-l-C>i 

None 

46.4 

14.6 

Clueose-.’-C" 

None 

26.7 

11.4 

Clueose-fl-C" 

None 

2.1 

28.2 

.52  !  48 

Aeetute-2-C'< 

None 

2.6 

0.6 

Acetate-2-C'i‘ 

(iItico.se 

;{.2 

.52.0 

2 

Yes  Yes 

\es 

(;iucose-l-('*‘ 

None 

26.2 

5.7 

( ilucose-2-C’*^ 

None 

23.4 

10.3 

( «lucoso-6-C'** 

None 

2.‘1 

15.3 

37  :  6.3 

.Aeetate-i-C" 

None 

1.5. <» 

0.5 

Aeet!ite-2-('» 

( ilucose 

8.8 

.52.8 

i 

;i 

Yes  Yes 

Yes 

Clueose-l-fii 

None 

41.5 

12.3 

Olue<)se-2-f'" 

None 

23.7 

17.0 

1 

(iluc(fse-6-('*‘ 

Ntme 

'}  '} 

24.6 

.Xcetate-2-('‘» 

None 

1.8 

0.5 

.50  i  .50 

AeetMte-2-(’'< 

(Ihcose 

2.6 

45.6 

i 

4 

Yes  Yes 

None 

( IIucose-l-(’*> 

None 

28.5 

7.8 

(ilucose-2-C’i‘ 

None 

16.4 

14.0 

( llucose-6-C'i‘ 

None 

1.7 

16.0 

40  51 

.Aeet!ite-2-C" 

Nont* 

10.8 

0.7 

1 

Acetate-2-f'*’ 

( ilucose 

2.2 

27.2 

1 

O 

Yes  Yes 

None 

(!Iiico.se-l-(*>' 

None 

17.1 

5.6 

1 

(lhicose-2-(’u 

None 

0.4 

15.6 

! 

(iIurose-6“C*‘ 

None 

1.1 

16.0 

35  65 

Aretate-2-('^^ 

None 

4.6 

0.8 

Aeetate-2-('^< 

C.lueose 

2.9 

45.7 

! 

Yes  Yes 

Yes 

(JIucos(*-l*C^' 

None 

20.4 

5.1 

i 

(ilueose-2-(^*< 

None 

12.5 

11.2 

( llucose-6-('** 

None 

1.2 

13.1 

30  1  61 

Acetate-2-('‘^ 

None 

6.7 

1.0 

Aeetate-2-('" 

(ilucose 

3.1 

22.4 

*» 

^’es  1  Yes 

Y..S 

<  lIueose-l-(*'* 

None 

41 .0 

10.4 

1 

( »Iuc(xse-2-('*' 

None 

10.8 

14.0 

(  dtJcose-6-('“ 

None 

2.1 

18.3 

57  j 

.\eetate-2-('*« 

None 

12.3 

1.4 

Aeetate-2-('’* 

(ilucose 

.55.5 

*  < 'iilciilatod  a.s  follows:  value  for  liexo.seiiionoplio«plmte  oxidative  pathway 

fattv  aeid-"  recoveries  from  ehieose-fi-f')  luiiius  fattv  aeid-(''<  recoveries  from  clueose-l-( 
=  1(H»  X  -  ■  -  - - 


fatty  aeid-('n  reeov(*ries  from  clueose-6-(’n 


The  difference  between  the  value  obtained  from  the  altove  formula  and  100  "ives  thi'  eorrespondins  value  for  the 
Lmhden  Meyerhof  pathway. 

t  1.4  to  I.SXIO"'  counts  p<-r  minute  of  ('**  per  flask. 


Tlio  similarity  in  the  metaholie  behavior  of  the  two  groups  of  mam¬ 
mary  glands,  those  excised  from  normal  lactating  rats  and  tho.se  from  the 
hormonally-treated,  hypophy.sectomized,  lactating  rats,  is  further  brought 
>ut  by  the  C'^()2  ratios  shown  in  the  first  four  lines  of  Table  .3. 

Fattfl  Acid-('^*  Recoveries  from  Glucose-1 -C'*,  and  -6-G'*  The 

range  of  values  for  fatty  acid-C'^  recoveries  observed  with  mammary  gland 
dices  prepared  from  seven  lactating  normal  rats  was:  5.2  to  18.()  per  cent 
or  gluco.se-l-C*^;  5.9  to  28.8  per  cent  for  gluco.se-2-C‘‘‘;  and  12.9  to  36.7 
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p(‘r  (*(*nt  for  Rlucoso-fi-C^  Table  2  shows  that  tlie  incorporation  of  these 
glucose  carbons  into  fatty  acids  l)y  the  nianunary  tissues  of  the  hormonally- 
treated,  lactating,  hypophysectoinized  rats  is  within  the  normal  range.  The 
relative  conversion  of  these  three  carbons  to  fatty  acids  was  also  similar 
for  the  mammary  glands  of  the  two  gioups  of  rats. 

Slimnlafing  I\(lcct  of  (I'htrn.sc  on  the  Conirrsioii  of  Arrlotc  lo  I'olhi  Acids 
\  20-  to  ."iO-fold  increase  in  lipogenesis  from  acetate  was  observed  upon  the 
addition  of  glucose  to  the  incubation  medium  in  experiments  with  normal 
lactating  mammary  slices.  The  glands  of  the  hypophysectoinized  rats  in 
which  lactation  was  maintained  by  hormonal  treatments  showed  stimula¬ 
tions  that  ranged  from  2t)-  to  lOO-fold  (Table  2). 

('aicnialion  of  the  Rcldlirc  Port  id  potion  of  the  Emhden-Mcpcrhof  and  tin 
Hcxosemonophosphotc  Oxidotire  Pothwoi/s  in  the  Conversion  of  (Hueose  to 
Fottn  Aeids  hi/  Mtimnutrp  (Hands  The  relative  participation  of  the 
I'hnbden-.Meyerhof  and  hexosemonophosphate  oxidative  pathways*  in  the 
conversion  of  glucose  to  fatty  acids  was  calculated  from  the  yields  of  C'^- 
fatty  acids  observed  in  the  experiments  with  glucose-l-C'^  and  -()-C*\  and 
the  values  are  given  in  the  last  two  columns  of  Table  2.  The  method  of 
calculation  as  well  as  the  principles  undeilying  this  calculation  have  been 
dealt  with  elsewhere  (11,  12).  In  the  mammary  glands  obtained  from  lactat¬ 
ing,  hypophysectoinized  rats,  a  considerable  portion  (4:1-00%)  of  the 
glucose-derived  fatty  acids  arose  via  the  hexosemonophosphate  oxidative 
pathway.  This  range  is  similar  to  that  observed  with  the  mammary  tissues 
of  normal  lactating  rats  (11,  12,  1 1). 

Experiments  with  Mammarn  (Hands  of  U i/pophtjseetomized  Rats  in 
tvhieh  Lactation  ll'us  Sot  Maintained  bp  Daily 
Rostpartnm  Hormone  Injeetions 

Hats  11-14  and  17  received  postpartum  injections  of  only  one  hormone, 
i.e.,  mammotrophin  or  A'-hydrocortisone  acetate  or  somatotrophin.  Two 
other  rats  (lo  and  1(5)  were  injected  with  both  A'-hydrocortisone  acetate 
and  somatotrophin.  No  milk  was  expressible  from  the  glands  of  rats  11-17 
after  parturition,  and  no  weight  gain  occurred  in  any  of  their  foster-young, 
l^xamination  of  stained  specimens  of  these  glands  revealed  small  amounts 
of  undischarged  and  unresorbed  secretory  material  in  areas  of  the  glands 
showing  only  partial  maintenance  of  the  alveoli. 

’  Various  terms  liave  Ixaui  used  to  deseril)t'  tliis  alternative  scheme  of  f;lia‘use  utili¬ 
zation.  Diektms.  in  a  recent  r»‘vie\v  (1.4).  rederred  to  it  as  the  hexosf'inonojihosphate 
shunt,  and  this  name  was  used  in  our  earlier  reports  on  mammary  (rJand  and  liver  (10. 
11.  14.  1.')).  I’hosphoglueonate  oxidation  was  u.s(‘d  in  a  later  paper  on  the  liver  (101. 
WarhurK-Lipmann-Diekens  (17),  direct  oxiilative  (IS).  he\osemonophnsi)hate  oxida¬ 
tive  cycle  (19),  pentose  phosphate  (20),  and  pento.se  cycle  (21),  have  also  been  used  to 
describe  this  pathway. 
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TaHI.K  (’'M)...  liATIOS  (»BTAI\KI>  WIIKN  MAMMAKY  (il.AM)  SLICKS  WKKK  l.\(  I  HATKI) 


WITH  50  MICKoMdLKS  (IK  (iH 

COSK 

LAHEl.KI)  I\  VAHIol 

S  CAKKtJNS 

WITH 

('ll 

Hoiinoiic  trcatiiictit'' 

(•"()..  from  (•.♦-l-C'i 

(''*<)c  from  < 

( ''■O-.-  from  ( i-l-(  'o 

Hat 

Mainino' 

A'-hydro- 
coi  tisonc 
acetate 

Soinato- 

1  act; 
tii/ii 

( 'I'Oj  from  ( i-6-(  ■" 

('i*<  >2  from  (, 

(  ■"().,  fr„m(:-2-( 'll 

tiopliiii 

tropliin 

Hauer  Avi'iaer 

Uaiiffe  Average 

Hanec  .\vrraec 

iim. 

iiitf. 

'.iitnial  l7)t 

None 

Noiio 

None 

Vi.. 

17.4  20.4  1S  .:{ 

7.H  114 

8.8 

I  8  2.2  2.1 

l  ypx 

5 

0.4 

1 

11.1  22.0  Iti.H 

8.1  12  ti 

10. a 

1.11.8  1  .0 

ivp\  12) 

5 

ti.4 

None 

I.')..')-,  10.0  17. :i 

8. .a;  0.7 

0.1 

1.7; 1.8  1.8 

lyp\  (2l 

J .  o 

0.4 

1.0 

Vi's 

17.0;20.O  IH.'i 

0.1;  10.4 

0.0 

l.i;;2  1  I.O 

ivp\  (2) 

T) 

None 

None 

Nil 

1.0;  l  .r.  l  .:i 

11;  1 .  t 

1.2 

0.8;  1.2  I.O 

iypx  (2) 

None 

0.1 

None 

Nil 

1.7;  2.2  2  (1 

12;  l.r. 

14 

1.1.10  1  .  .a 

lypx  (2lt 

Nonr 

0.4 

1  .0 

Xi. 

1  .S 

0.0 

2.0 

lypx  (11 

Nimo 

None 

1.0 

No 

1  .:i 

lypx  (2) 

Noiu* 

Nf>ne 

None 

No 

0.8;  14  l.I 

*  ( i  *5jluroso. 

t  NuinlxTs  in  parmtlios^'s  itulicato  tho  iiuiuImm  of  nits  n>rfl. 

X  Slices  of  the  tnuininaiy  glands  of  the  two  rats  were  pooled  for  'tndy. 


The  low  {jlycolytie  and  lipofieiiic  activity  of  tliese  noiilactatiiifi;  j^lands  is 
diown  by  the  data  recorded  in  Table  4.  The  CH).,  yields  and  the  fatty 
aeid-C*^  recoveries  from  the  individually  labeled  hexoses  were  considerably 
lower  than  those  observed  with  the  laetatin<»;  }2;roiip.  The  stimulation  of 
lipofjenesis  from  acetate  exerted  by  the  addition  of  f^lueose  to  the  incuba¬ 
tion  medium  was  much  less  than  that  observed  with  laetatinfj;  rats. 

That  the  metabolism  of  these  enlaiTicd,  nonlaetatiiifj;  mammary  fjilands 
ditfers  from  that  of  laetatinj*:  {ilands  is  further  broufiht  out  by  the  values 
for  the  ratios 

(’'^b  from  <flu(*()se-l-(''^  (''H)-..  from  <>;hicose-2-(''^ 

and  - 

(''M)..  from  *>;liu*ose-()-(''^  (’’^(b  from  •!;lucos(‘-(>-(’'’ 

recorded  in  Table  ’.i. 

The  results  shown  in  the  last  two  columns  of  Tabh*  4  indicate  that  the 
hexosemonophosphate  oxidative  pathway  did  not  participate  to  any  si}»;- 
nificant  extent  in  the  conversion  of  shicose  to  fatty  acids  by  slices  j>repared 
from  the  mammary  slnnds  of  these  nonlactatinj!;,  hypophysectomized  rats. 

Kxpcriinenifi  with  Mommunj  (ilands  of  11  jj/wpliijaedomizcd  Rots  in 
which  fMclation  UV/.s  Maintained  hij  Daitij  Roatpartinn 
Hormone  Injections  and  then  Arrested 
hf!  Discontinuing  Them 

In  rats  IS  and  19  lactation  was  maintained  by  hormonal  treatments 
during  the  first  10  days  after  parturition.  The  hormones  were  withdrawn 
diereafter,  and  the  rats  were  killed  four  days  later.  At  that  time,  although 
milk  was  not  expressed  from  the  mammary  glands  and  the  young  no  longer 
siained  weight,  the  glands  had  undergone  little  regression.  It  should  be 
emphasized  that  these  glands  differed  but  slightly  in  size  from  those  of  the 
lactating  group  (Table  1).  On  the  day  of  necropsy  of  these  rats,  no  milk  was 
ound  in  the  stomachs  of  their  pups.  It  was  assumed  that  synthesis  of  milk 
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Table  4.  Metabolic  activity  of  mammary  c.laxd  slices  prepared  from  rats 

HYPOPHYSECTOMIZEI)  AT  MIDPREC.NAXCY  AXI)  IX  WHICH  HORMOXE  TREATMEXTS 
FAILED  TO  IXDCCE  LACTATIOX 

(For  history  of  ruts  and  details  of  hormone  injections  see  Table  1.  The  incnhation  pro¬ 
cedure  is  described  in  Table  2.) 


Rat 

Hormones  injected 

Substrates 

Fer  cent  of  C'd 
recovered  as: 

l*er  cent  of  fatty 
acid-C“  derived 
from  added  jrlucosf 
via  Fjiibden- 
Meyerhof  pathwa\ 

Mammo- 

trophin 

A ‘-hydro-  *  „ 
cortisone  ‘ 
acetate  j  trophin 

Lalx'lcdt 

l*nlab<*led  ; 

1 

CO, 

Fatty 

acid.s 

11 

Yes 

None  ■  None 

Cllucosc*-l-C'‘« 

None 

(»,75 

0.10 

1 

Glucos(‘-2-('“ 

None 

0.'.»4 

0.10 

(ilucose-6-('‘* 

None 

0,75 

0.10 

1(M> 

.\cetate-2-('‘* 

None 

9  97 

0.05 

.\cetate-2-('‘* 

( llucose 

2.76 

0.31 

12 

Yps 

None  None 

(lluPose-l-C'‘< 

None 

2.‘» 

0.40 

( Jlucost‘-2-C'* 

None 

2.0 

0.34 

(i1ucos€»-6-(’‘< 

None 

1.8 

0.40 

lOf) 

Ac(>tate-2-C'> 

None 

3.2 

0.20 

Acotate-2-Cn 

(llucf)se 

2.0 

0.70 

13 

None 

Yes  None 

(*ilucose-l-('‘‘ 

None 

4. It 

0.08 

1 

(Jlucose-2-('‘* 

None 

2.1 

0.07 

(i!ucos('-d-('‘* 

None 

1.8 

0.08 

HHI 

.Apetatc-2-C'n 

None 

3.6 

0.30 

.Ai*ptate-2-(''» 

(llucosf 

3.5 

0.67 

14 

None 

Yes  N  one 

(ilucose-l-f'*‘ 

None 

2.0 

0.08 

(•iucose-2-C‘‘ 

None 

1.8 

0.07 

(ilucose-6-C'“ 

None 

1.2 

0.08 

100 

Acetate-i-C** 

None 

3.6 

0.30 

Acetate-2-C‘^ 

(llucose 

1.4 

0 . 51 

1.5  4-16 

None 

A’es  Yes 

(llucose-l-C** 

None 

.5 .5 

0.3 

( »lucos(‘-2-('‘* 

None 

2.8 

0.3 

(Ilucosc*-6-('‘* 

Non«‘ 

3.0 

0.3 

nut 

Acetate-i-C't 

Nonp 

2.8 

0.5 

• 

.\cetate-2-C‘* 

(iluc-«>se 

2.4 

1.3 

17 

None 

None  Yes 

(Jluco.se-l-('‘< 

None 

2.0 

0.06 

(tlucose-fl-C** 

None 

1.5 

O.Ofl 

j 

Acetate-2-C‘‘‘ 

None 

3.1) 

0.03 

KNI 

Acetate-2-C‘< 

(llucose 

2.0 

0.13 

18 

* 

1 

fJlucose-l-C'*< 

None 

2.4 

0.1 

(llucose-6-C‘« 

None 

3.0 

0.1 

1 

.\cetate-2-C‘< 

N  one 

3.2 

0.1 

i  KMI 

.\cetate-2-C‘< 

(llllCOSP 

4  2 

0.6 

1 

lit 

* 

(llucose-l-C*< 

None 

1.8 

I  0.1 

1 

f  ilucose-fl-C*’ 

None 

1.3 

!  0.1 

.\cetate-2-C'“ 

None 

5.8 

0.3 

100 

.Xcetate-2-C'‘* 

(llucose 

5.0 

0.4 

*  Lactation  occorrod  afti'r  parturition  in  these  two  rahs,  as  shown  in  Tabic  1.  Hormone  treatments  were  discon 
continued  for  the  4  days  b<*fore  the  rats  were  killed.  They  did  not  lactate  during;  those  4  da>'s.  Since  the  p:lands  had 
not  regressed  to  any  considerable  e^tent,  they  may  be  regarded  as  controls  for  the  other  nonlactating.  hormone-treated 
rats  recorded  above. 

+  From  3.2  to  4.6X1^’  counts  p<*r  minute  of  per  flask. 


had  ceased,  but  that  some  milk  had  been  retained  within  tlie  duct  and 
alveolar  systems. 

The  metabolic  characteristics  of  the  mammary  glands  of  these  two  rats 
were  the  same  as  those  dealt  with  in  the  preceding  .section  (Table  4). 

The  addition  of  1  mg.  of  rnammotrophin  and  O.o  mg.  of  A’-hydrocortisonc 
acetate  to  the  incubation  medium  containing  mammary  gland  slices  of  rats 
18  and  19  did  not  exert  a  measurable  effect  on  the  conversion  of  gluco.se  and 
acetate  to  CO2  and  fatty  acids. 


DISCUSSION’ 

In  the  present  investigation  we  hav’e  attempted  to  evaluate  the  patten, 
of  glucose  and  acetate  metaboli.sm  in  the  mammary  glands  of  hormonallv  - 
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treated,  hypophviseetomized  rats.  The  following  eriteria  were  used  for  the 
evaluation:  1)  the  extent  and  relative  eonversions  of  earbons  1,  2,  and  (i  of 
the  glueose  moleeule  to  C()2  and  fatty  aeids;  2)  the  relative  participation 
of  the  Kmhden-Meyerhof  and  hexosemonophosphate  oxidative  pathways 
of  glycolysis  in  the  conversion  of  glueose  to  fatty  acids;  and  8)  the  stimulat¬ 
ing  effect  of  glucose  on  lipogenesis  from  acetate.  As  judged  by  these  three 
'riteria,  the  metabolic  behavior  of  the  mammary  glands  of  the  hormonally- 
Tieated,  hypophysectomized  rats  in  which  lactation  was  not  established 
1  those  that  received  mammotrophin  alone,  or  somatotrophin  alone,  or 
A’-hydrocortisone  acetate)  resembled  closely  the  metabolic  pattern  pre- 
.iously  observed  by  us  in  the  mammary  glands  of  normal,  nonlactating 
rats,  i.e.,  pregnant  rats  just  before  parturition  and  rats  in  which  lactation 
’nad  just  been  arrested  by  weaning  of  their  young  (12).  These  glands  had  a 
low  capacity  for  glucose  utilization,  and  they  formed  fatty  acids  from  glu¬ 
cose  exclusively  via  the  Embden-Meyerhof  pathway.  The  in  vitro  addition 
of  glueose  induced  only  a  slight  stimulation  in  the  conversion  of  acetate 
carbon  to  fatty  acids. 

The  metabolism  of  the  mammary  glands  of  hypophysectomized  rats  in 
which  lactation  was  successfully  maintained  by  postpartum  hormone 
treatments  was  ejuite  similar  to  that  of  normal  lactating  rat  mammary 
glands.  Thus,  besides  establishing  a  lactational  performance  amounting 
to  about  ”)0  to  ()0%  of  the  true  milk  yield  (3),  the  administration  of  two 
hormones,  mammotrophin  and  A'-hydrocortisone  acetate,  brought  about 
pronounced  changes  in  the  mechanism  of  glucose  metabolism,  (ilucose 
utilization  was  extremely  high  in  the  glands  excised  from  the  lactating, 
hypophy.sectomized  rats,  and  the  addition  of  glucose  to  the  medium  in 
which  the  gland  slices  were  incubated  resulted  in  a  pronounced  stimulation 
in  lipogenesis  from  acetate.  Half  or  more  of  the  glucose-derived  fatty  acids 
formed  in  the  mammary  glands  of  the  lactating,  hypophysectomized  rats 
arose  via  the  hexo.semonophosphate  oxidative  pathway.  The  injection  of  a 
third  hormone,  namely,  somatotrophin,  seemed  to  have  no  additional 
effect  on  the  metabolic  pattern  of  the  lactating  gland. 

These  findings  raise  the  question  as  to  what  factor  or  factors  are  respon¬ 
sible  for  the  shift  in  the  metabolic  pattern  of  the  lactating  mammary 
gland,  a  shift  characterized  not  only  by  a  greatly  augmented  capacity  for 
glucose  utilization  and  lipogenesis  but  also  by  the  induction  of  an  alterna¬ 
tive  pathway  of  glycolysis,  namely,  the  hexosemonophosphate  oxidative 
[)athway.  This  .shift  in  metabolic  pattern  does  not  appear  to  depend  upon 
growth  and  development  per  se  of  the  mammar}’  gland  nor  upon  the  action 
•f  any  one  hormone.  According  to  Cowie  and  Folley  (22),  lactation  can  be 
separated  into  two  phases:  one  in  which  milk  is  synthesized  and  secreted 
into  the  alv'eolar  lumen  and  then  moved  along  the  ducts;  and  a  second  in 
which  milk  is  removed  by  the  young  or  by  other  means.  Probably  the  only 
additional  hormone  influencing  this  latter  phase  is  oxytocin.  Our  rats  had 
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regenerated  tliis  mechanism  (hypothalamic  secretion)  to  varying  hut  elec¬ 
tive  degrees.  Since  the  lactating  as  well  as  the  nonlactating  rats  were  sup¬ 
plied  throughout  the  postpartum  period  with  six  new-horn  rats,  it  seems 
likely  that  the  stimuli  or  factors  responsible  for  giving  rise  to  the  metaholic 
pattern  of  the  lactating  mammary  gland  are  connected  with  the  first  proc¬ 
ess  of  lactation,  namely,  milk  forma(i()n  and  secretion. 
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Tli<  Hi  ll  Md'i  l.dliftnildrii  for  ('aiicrr  Ifcsrorcli,  (  nir'  I'io'ln  of  ('hirngo 
(Uiirogo,  Illinois 

AHSTHACI' 

Male  S))ra>>;iic-I )a\vl('v  rats  were  tul)(“-f(‘(l  a  in(‘(Iiiiin  carliolivdratc  <lict  twice 
daily.  Steroid  dial>etes  was  induced  by  snlxaitaneous  injection  of  eortisoia'  aee- 
tat(  wudi  niornin}!;.  lini)lantation  of  Walker  {’areinoina  2o<)  into  eaeli  jiroin  was 
followed  hy  inarki'd  suppression  of  <;lyeosuria  after  tlu'  tumor  befian  to  j^row. 

'I'he  growth  of  tumor  was  sui)i)r(‘ssed  in  proportion  to  tin*  dosi'  of  eortisoia'. 

At  the  end  of  10  days  the  avi'rage  weight  of  tumor  in  rats  without  cortisone 
was  2o.2  gm.;  in  sinular  rats  given  15  mg.  of  cortisone  daily  the  average  weight 
of  tumor  was  d.31  gm..  and  the  aviuage  amount  of  glucose  (‘xcreted  on  tin*  lOth 
day  was  0.01  gm.  In  rats  without  tumor  given  15  mg.  of  cortisoiu'  daily  tin*  aver¬ 
age  amount  of  glucose  excreted  on  the  10th  (hiy  was  5.t)S  gm.  In  si. me  tumor 
hosts  the  glycosuria  disappeari'd  as  the  tumor  grew  slowly.  Cortisone  acetate 
(15  mg.  daily)  was  testt'd  in  animals  with  established  tumors,  .\fter  tumor 
growth  for  12  days  and  longer  glycosuria  could  no  longer  be  induced  by  the 
steroid.  When  rats  with  sttu'oid  diabetes  weri'  stri'ssed  by  the  excision  of  skin 
there  was  a  moderate  sup])ression  of  glycosuria. 

^T^HIS  study  }>:re\v  out  of  speculations  about  the  comparative  effects  of 
A  .steroid  dialtetes,  pancreatic  dial)etes,  and  alloxan  diabetes  upon  the 
growth  of  the  Walker  carcinoma  in  the  rat.  The  itancreatic  and  alloxan 
forms,  characterized  by  itisulin  deficiency,  are  known  to  suppre.ss  the 
growth  of  tumor  in  proportion  to  the  .severity  of  the  diabetes.  (1)  As  these 
tumors  grow,  even  at  a  reduced  rate,  the  glycosuria  becomes  less  severe.  A 
dramatic  suppres.sion  of  tumor  growth  is  achieved  by  treatment  with  large 
(loses  of  cortisone  from  the  time  the  tumor  is  implanted.  In  the  experiments 
reported  here,  the  glycosuric  response  to  cortisone  was  markedly  suppre.s.sed 
tty  the  growing  tumor.  When  rats  with  steroid  diabetes  were  stressed  by 
the  excision  of  skin,  there  was  a  moderate  suppression  of  glycosuria. 

METHODS 

Male  rats  (dOO  320  gm.)  uf  the  Sprague- Da wlcy  strain  were  jtlaccd  in  individual 
Metabolism  cag(‘s  and  adapted  t(t  tlu'  tube-f(‘cding  of  a  medium  carbohydrate  diet  (2) 
i  standard  amounts  (13  cc.)  twice  daily.  Steroid  diabetes  was  induced  by  the  sidtcu- 
ineous  injection  of  cortisone  acetate  (rpjohn)  in  aqueous  susi)ension  following  each 
lorning  feeding.  Infection,  which  may  develop  in  rats  with  severe  hypercorticalism, 
".as  prevented  by  daily  doses  of  penicillin  (.5000  u)  and  streptomycin  (5  mg.).  Twenty- 
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()ur-lu»ur  samplt's  (tf  uriiit'  were  collected  t'acli  iiiorniii};  and  the  amount  of  urinary 
ilueosc  was  determined  by  the  nu'thod  of  Benedict  (.3).  Walker  Tumor  25(5  was  injected 
IS  a  sterile  undiluted  homogenate  into  the  upper  thigh  of  each  hind  leg.  At  the  end  of 
■ach  experiment  the  tumor  was  dissectial  free  from  the  muscle  and  weighed.  Some  organs 
vere  weighed  at  necropsy.  Excision  of  skin  was  done  under  ether  anesthesia  hy  clean 
echniques.  The  wounds  were  closial  hy  continuous  silk  sutures. 

EXl’ERI.ME.NTS  .\NI)  RESULTS 

Iti  experiment  1  (Tal)le  1)  eorti.sone  aeetate  was  siven  in  do.ses  of  o,  7.0, 
[()  and  lo  mg.  per  rat  jter  day  for  10  days  in  order  to  estahlisii  the  relation- 
diip  of  tumor  growth  to  tlie  .severity  of  the  glycosuria,  ('omparisons  of  rats 
with  and  without  tumors  were  made  at  tlie  same  time.  Tumors  were  im¬ 
planted  on  the  day  treatment  with  cortisone  was  started.  One  group  of 
,umor  hosts  did  not  receive  cortisone. 

Cortisone  suppressed  body-weight  to  an  extent  that  correlated  with 
dosage.  Tumor  hosts  did  not  lose  as  much  weight  on  cortisone  treatment 
as  did  rats  without  tumors.  Cortisone  alone  caused  marked  atrophy  of  the 
spleen.  In  contrast,  the  spleens  of  the  tumor  hosts  enlarged.  When  tumor 
hosts  received  cortisone,  the  average  spleen  weight  was  intermediate  be¬ 
tween  tho.se  produced  by  either  condition  alone. 

('ortisone  cau.sed  suppre.ssion  of  tumor  growth  in  proportion  to  the 
amount  injected.  This  was. very  striking  at  the  1.5  mg.  per  day  level.  The.se 
small  tumors  appeared  to  be  completely  necrotic  by  gross  examination. 
However  viable  tissue  remained,  for  in  related  experiments  it  was  found 
that  when  cortisone  treatment  was  stoi)ped,  each  neoplasm  began  to  grow 
rapidly. 

Cdycosuria  began  on  the  2nd  and  Brd  day  in  all  rats  receiving  the.se  high 
doses  of  cortisone.  Higher  values  were  obtained  by  the  higher  doses.  In  rats 
without  tumors,  fairly  steady  values  were  maintained  from  the  ()th  to  the 
lOth  days.  Initially,  the  tumor  had  no  observable  effect  upon  the  glyco¬ 
suria.  With  great  regularity,  however,  on  about  the  bth  day  the  urinary 
glucose  of  the  tumor  hosts  began  to  fall.  This  coincided  with  the  time  the 
tumor  became  visible  and  grew  rapidly.  Hy  the  lOth  day  the  glycosuria 
liad  either  disappeared  or  was  mild  in  all  tumor  hosts. 

l*]xperiment  2  (Table  2)  was  designed  to  find  a  critical  period  of  tumor 
growth  after  which  cortisone  treatment  would  no  longer  elicit  glycosuria. 
These  rats  were  each  given  1.5  mg.  of  cortisone  acetate  beginning  at  varying 
times  after  tumor  implantation.  The  tumors  attained  a  size  which  was  pro¬ 
portional  to  the  time  they  had  been  growing.  (5)rtisone  given  on  or  l)efore 
'he  7th  day  of  tumor  growth  induced  glycosuria  for  at  least  one  day  in  all 
■ats.  Thereafter  progre.ssively  fewer  rats  showed  this  minimal  respon.se,  and 
(11  rats  which  had  tumors  for  12  days  and  longer  failed  to  develop  glyco- 
-uria.  A  .second  .series  of  rats  which  were  hosts  to  tumors  for  12  days  and 
longer  were  given  as  much  as  2.5  (10  rats)  and  40  mg.  (.5  rats)  of  cortisone 
)er  day,  doses  which  would  kill  most  normal  rats,  but  it  was  well  tolerated 
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and  produced  no  jjilycosui  ia  except  for  ahout  dOO  inp;.  of  ^Ineose  on  one  da> 
by  a  rat  fiiven  40  lUfi.  of  cortisone  acetate  daily.  Final  tumor  weights  ar( 
not  given,  hut  it  was  clearly  apparent  that  when  the  tumor  was  well  estal)- 
lished  prior  to  heginning  treatment  with  cortisom*,  it  neither  regr(‘ss(>d 
during  treatment  noi‘  was  its  suhseciuent  growth  strikingly  inhil)it(*d  a> 
occurr(Ml  in  rats  treated  from  tlie  time  the  tumoi-  was  imj)lant{‘d. 

I'^xpeiiment  .4  was  done  to  test  the  eff(*ct  of  a  stressor  other  than  a  tumor 
on  steroid  diabetes.  It  was  thought  that  the  maiked  effect  of  tlie  neoplasm 
upon  steroid  dial)etes  could  be  in  part  non-specific,  and  might  be  simulated 
by  other  severe  stressors.  In  a  preliminary  experiment  14  rats  were  each 
given  b")  mg.  of  cortisone  acetate  per  day  for  11  days.  On  the  tith  day,  10 
of  the  rats  were  stressed  by  the  excision  of  skin  from  the  nape  of  tlu*  n(*ck 


DAYS  ON  CORTISONE  (10  MG  PER  RAT  PER  DAY) 

I'i(i.  1.  l'4Tcct  of  stress  on  tin*  fjly'^osnria  of  rats  with  stt'roid  dialx-tes. 


to  th(*  base  of  the  tail.  In  4  of  tluve  rats  the  skin  was  slit  open  but  none  r(>- 
moved:  in  4  rats,  approximately  o  gm.  of  skin  were  removed  from  each 
before  closing  the  wound:  and  in  4  rats,  approximately  10  gm.  of  skin  were 
excised  before  closing  the  wound.  Three  rats.s(‘rved  as  controls.  In  the  un¬ 
operated  rats  there  was,  as  jtreviously  reported  (4),  some  spontaneous  d('- 
crease  from  the  peak  of  glycosuria  that  occurred  about  the  (ith  or  7th  day  in 
rats  with  steroid  diabetes.  All  rats  stressed  by  excision  of  skin  showed  a  fall 
in  glycosuria  greater  than  the  spontaneous  fall  observed  in  the  control 
group. 

In  a  second  part  of  this  experiment  (Fig.  1),  2o  rats  were  each  given  lb 
mg.  of  cortisone  acetate  daily  for  14  days.  Six  rats  were  unoperated  con 
trols;  10  rats  were  each  subjected  to  the  excision  of  approximately  14  gm 
of  skin  on  the  day  the  injection  of  steroids  was  started;  and  9  rats  wen 
eaeh  subjected  to  the  excision  of  approximately  10  gm.  of  skin  at  the  end  o' 
the  7th  day  of  steroid  injection.  The  aiea  of  skin  removed  was  about  tin 
same  in  each  group;  the  smaller  weight  of  skin  removed  in  the  2nd  group  o 
operated  rats  was  due  to  thinning  of  skin  cau.sed  l)y  hypercorticalism.  Tin 
unstressed  rats  treated  with  cortisone  did  not  excrete  glucose  during  tin 
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first  48  hours.  Tlie  rats  stressed  on  the  first  day  of  cortisone  treatment  each 
excreted  small  amounts  of  {>:lucose  durinfi  the  first  24  hours.  This  tempo- 
lary  {ilycosuria  prohahly  represeiits  f^lycogenolysis  in  a  liver  loaded  with 
glycogen.  Suhseciuenl  observations  have  related  this  first-day  reaction  to 
the  severity  of  the  stress,  and  it  can  occur  in  the  absence  of  cortisone  treat¬ 
ment.  Despite  this  initial  glycosuria,  the  daily  values  for  urinary  glucose 
remained  lower  in  the  stressed  animals  than  in  the  controls  until,  as  the 
wound  healed,  the  average  value  approached  that  of  the  controls.  When 
the  stress  was  delayed  until  the  level  of  glycosuria  was  high  on  the  lith 
day  the  glycosuria  showed  a  marked  drop,  and  low  levels  were  maintained 
throughout  the  remainder  of  the  experiment. 

DISCUSSION 

I'iach  of  the  two  kinds  of  stress  tested  had  a  suppressive  effect  on  at  least 
one  of  the  biologic  effects  of  cortisone  overdosage,  namely,  glycosuria.  C'an 
the  suppression  of  glycosuria  by  the  growing  tumor  be  due  to  increased 
oxidation  of  glucose  by  the  tumor  itself?  This  may  be  a  factor,  but  it  seems 
implausible  that  an  almost  completely  necrotic  tumor  of  8  or  4  gm.  weight 
could  oxidize  o  gm.  or  more  of  glucose  daily,  such  amounts  being  excreted 
by  the  non-tumor  controls.  Similarly,  it  is  implausible  that  the  protein 
content  of  these  small  tumors  is  sufficient  to  explain  the  shift  in  glycosuria 
as  due  to  less  protein  for  glyconeogenesis.  More  probably  the  toxic  effects 
of  the  tumor  cause  changes  in  metabolic  activity  throughout  the  organism, 
or  there  may  be  a  more  direct  effect  such  as  inactivation  of  cortisone  itself. 

The  observation  that  excision  of  skin  also  suppresses  glycosuria  may 
mean  that  the  effect  of  the  tumor  is  that  of  a  non-specific  stress.  The  effect 
of  the  tumor  is  more  striking,  but  it  is  a  more  severe  stressor  than  excision 
of  skin.  .Vlthough  tumor  growth  abolished  the  glycosuric  response  to  very 
large  doses  of  cortisone,  the  milder  effects  of  surgical  stress  were  more 
't liking  in  rats  given  10  mg.  of  cortisone  daily  than  in  rats  given  larger 
doses.  The  effect  of  stress  upon  steroid  diabetes  is  best  shown  when  the 
<lose  of  steroid  causes  a  steady  but  not  maximal  glycosuria  in  control  ani¬ 
mals.  .Vlthough  the  (piantitative  relationship  between  cortisone  dosage 
and  the  degree  of  stress  required  to  suppress  steroid  diabetes  was  not  estab¬ 
lished  in  these  experiments,  it  seems  probable  that  for  a  given  stressor  a 
level  of  cortisone  dosage  can  be  defined  for  which  the  suppression  of  glyco¬ 
suria  in  response  to  the  stressor  is  maximal. 

The  adrenal  cortices  of  the  tumor  host  become  greatly  hypertrophied  as 
the  tumor  grows.  It  might  be  supposed  that  tlie  secretory  activity  of  the 
idrenal  cortices  is  increased  and  that  signs  of  hypercorticalism  are  more 
Ukely  to  occur.  On  the  contrary,  exposure  of  rats  overdosed  with  cortisone 
to  either  tumors  or  to  surgical  stress  caused  suppression  of  one  sign  of 
f  tiypercorticalism  glycosuria. 

The  author  interprets  these  results  as  fitting  a  hypothesis  which  has 
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evolved  out  of  previous  work  in  this  laboratory  (4);  the  adrenal  cortical 
response  to  stress  serves  to  meet  the  increased  need  of  the  organism  for 
glucocorticoids  and  does  not  result  in  hypercorticalism.  Did  the  stress  used 
in  these  experiments  make  the  animals  overdosed  with  cortisone  more 
eucorticoid?  It  may  l)e  possible  to  simulate  these  results  with  other  non¬ 
specific  stressors.  Can  other  symptoms  of  hypercorticalism  be  suppressed 
by  severe  stress?  It  is  recognized  that  glycosuria  is  a  secondary  expression 
of  hypercorticalism.  Adecpiate  testing  of  the  hypothesis  under  study  will 
re(iuire  further  research  with  other  criteria  of  hypercorticalism  and  other 
stressors. 
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ABSTRACT 

Kvitlonce  has  hron  ohtaiiu'd  suggesting  tliat  the  interrenal  gland  nf  teleost 
fishes  is  eapable  of  seereting  adrenoeortieal  steroids.  Several  si)eeies  of  telcosts 
were  used,  and  the  anterior  or  head  kidneys,  eontaining  the  interrenal  tissue, 
were  ineuhated  in  vitro.  Tentative  identification  of  steroid  secretory  products 
was  achieved,  in  most  eases  by  chromatography  of  extracts  in  toluenc-7o% 
methanol  and  development  with  triiihenyltetrazolium  chloride. 

.V  single  spot,  having  the  same  mobility  as  cortisol,  was  obtained  from  the 
incubated  tissue  of  Anoplopotna  fimbria  (sablefish).  Spots  corresponding  to 
cf)rtisol  and  cortisone  were  observed  after  incubation  of  the  head  kidneys  of 
M ugil  cephalus  (mullet).  Cortisone  was  tentatively  identified  in  extracts  of  the 
incubated  tissue  from  Tilapia  mo.ssambica  (cichlid),  as  well  as  a  substance  with 
a  iiolarity  similar  to,  but  not  identical  with,  corticosterone.  A  fourth  species, 
Bodianus  bilunulatus  (a’awa),  faih'd  to  yielil  any  (h'tectable  steroid,  despite 
the  reliitively  large  number  of  animals  us(m1. 

AITIIOUCiH  the  interrenal  organ  of  teleo.sts  is  thought  to  represent 
L  adrenoeortieal  tissue  (1),  there  has  been  no  direet  evidenee  that  this 
gland  does  in  faet  seerete  adrenoeortieal  hormones.  In  1954  llatey  (2)  and 
Fontaine  and  llatey  (8)  demonstrated  the  pre.sence  of  17-hydroxyeorti- 
eosteroids  in  the  blood  of  salmon  (Snlmn  snlor),  and  sinee  that  time  further 
information  has  been  obtained  eoneerning  the  presenee  of  adrenal  steroids 
in  teleost  blood.  Cortisol  has  been  found  in  the  blood  of  .several  speeies: 
(rddus  morrhun  (4),  Pscitdopleuronectcs  nmcriranus  (5),  Cyprinns  carpio  (5, 
ti,  7),  and  Fundulus  hctcroclitus  (7).  llatey  (0)  found  traees  of  eortieoster- 
one  as  well  as  eortisol  in  the  blood  of  Cyprinus  carpio.  Both  eortisol  and 
cortisone  have  been  demonstrated  in  the  blood  of  Oncorhynchas  ncrka  (S), 
und  of  0.  tschawytschn  and  Salma  gairdncrii  (9).  Although  changes  in  inter¬ 
renal  histology  have  been  correlated  with  alterations  in  the  level  of  eireu- 
I'lting  adrenal  steroids  (3,  9),  these  observations  offer  no  direet  proof  that 
f  lie  interrenal  is  the  source  of  these  hormones. 
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IvOctMitly,  Phillips  and  Mulrow  (10)  showed  that  anterior  kidney  tissue 
of  the  killifish  Fundulus  hetcrnclitus  is  capable  of  converting  progesterone 
to  adrenal  steroids  (cortisol,  cortisone,  and  aldosterone)  in  vitro.  This  ob¬ 
servation  is  the  first  direct  evidence  that  enzymes  characteristic  of  adreno¬ 
cortical  tissue  are  present  in  the  region  of  the  kidney  containing  interrenal 
gland. 

In  the  present  study,  we  have  attempted  to  obtain  evidence  that  the 
interrenal  is  capable  of  elaborating  adrenocortical  steroids,  and  to  compare 
the  secretory  patterns  in  several  teleosts,  by  adaptation  of  the  Hofmann 
incubation  method  (11)  to  fish  tissues.  Four  teleost  species  were  used; 
Anoplopoma  fimbria  (sablefish:  marine),  Bodianns  bilunulatus  (a’awa  or 
spot  wrasse;  marine),  Magil  cephalus  (mullet:  eiuyhaline  littoral)  and 
Tilapia  mossambica  (cichlid:  freshwater). 

MATERIALS  AND  METHODS 

Atiimnlfs 

Anoplopoma  limhria,  the  sahlt'fisli,  of  tho  family  An()i)loi)omi(lao,  were  eolleeted  west 
of  San  .Juan  Island  in  .Vufrust  of  19o<S  and  of  19.50*  at  tin*  I'niversity  of  Waslniiftton’s 
Friday  Harbor  Labr)ratories.  Tilapia  mo!t.‘tnmhira.  a  eiehlid  introduced  into  Hawaii, 
were  ol)tained  from  a  reservoir  near  Kwa,  Oahu,  Hawaii,  through  tlie  cooperation  of 
Mr.  Kenji  F.go  and  .Mr.  Richard  Yoshida  of  the  Territorial  Division  of  Fish  and  (lame 
at  tlie  end  of  19.5S  and  the  l)eginning  of  19.59.  Some  of  these  freshwater  fish  were  moved 
into  seawater  acpiaria  (5  weeks  j)rior  t<i  sacrifice.  Mugil  rcphaluK,  the  mullet,  of  the  family 
.Mugilidae.  were  obtained  in  late  19.5S  and  early  19.59  by  eommereial  seining  from  tlie 
shore's  of  Kaneohe  Hay  on  the  windward  side  of  Oahu,  Hawaii,  with  the  help  of  .Mr. 
Lester  Zukeran  of  the  Hawaii  Marine  Laboratory.  Bodianioi  bilunulatus,  the  a’awa  or 
spot  wrasse,  of  the  family  Labridae,  were  trai)ped  by  eommereial  fishermen  off  Oahu. 
Hawaii,  in  the  spring  of  19.59,  and  were  made  available  by  the  cooperation  of  .Mr. 
.Spencer  Tinker  and  his  staff  of  the  Honolulu  .Vejuarium. 

Incubation 

In  all  species  except  Anoplopoma  fimbria,  the  osmotic  ])ressure  of  the  blood  was  de¬ 
termined  by  a  modification  of  the  melting  jroint  method  of  dross  (12).  .\  concentrated 
stock  solution  of  medium  was  made,  containing  the  following  concentrations  of  solute- 
(m.M.  l.M  Nadi,  2()().();  KC'l.  5.0;  Cadb.  3.0;  .Mgdb.  2.0;  NalldOa.  1.0;  NaH-jPO,. 
10.0;  glucose.  0.0.  This  solution  was  made  approximati'ly  isosmotie  to  the*  blood  by  dilu¬ 
tion  with  distilled  water.  I’lie  final  concentrations  wen*  as  follows;  Tilapia  from  fresh 
wati'r.  O.UiM;  Tilapia  from  sea  water.  0.21M;  Mugil  (marine,  littoral).  0.22M;  liodi 
anus  (marine),  0.22M.  In  one  experiment  with  fresh-water  Tilapia.  the  medium  wa- 
0.20.M.  No  blood  ileterminations  were  made  on  Anoplopoma  (marine),  and  a  0.11.5' 
solution  was  used. 

Tilapia,  Mugil.  and  liodianus  all  posse.ss  a  pair  of  discrete  head  kidneys,  which  wi'i 
dissected  out  and  cut  into  small  i)ieees  in  the  incubating  medium.  I'sually  the  head  kii 
neys  of  two  animals  were  jilaec'd  in  a  single  flask  (10  ml.  Krlenmeyer)  containing  3  ml.  i 
medium.  The  flasks  were  gassed  with  jiure  oxygi'ii  for  5  minutes,  stopj)ered,  and  inei 
bated  in  a  Dubnoff  metabolic  incubator  at  room  temperatun'.  The  medium  was  ehangi 

*  We  are  iii'lebted  to  Professor  Paul  Illg  and  Mr.  Hugh  Stanky  for  the  eolh'ction  i 
additional  sablefish  material. 
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iiul  ri'oxyyiciiatcd  at  tlii'  (mkI  of  hour,  and  afiuin  after  tlie  next  I  j  hours  of  inenhatioii. 
\fter  a  final  hours,  tlie  tissue  and  the  three  ehannes  of  iiu'diuiu  were  pooled  and 
cozen.  In  some  experiments,  tin*  medium  from  tlu'  first  ^  hour  of  ineuhatiou  was  dis- 
arded. 

Inasimieh  as  there  is  no  distinct  hea<l  kidney  in  Anoplopoitifi.  the  ex))anded  ant(‘rior 
portion  of  tlu'  trunk  kidiu'y  was  r('moved.  'I'he  tissu(>  from  each  animal  w.as  plaeial  in  a 
'))arat('  flask  (25  ml.)  with  (i  nd.  of  medium.  'I'he  tissues  were  ineiihated  lor  2.}  hours 
t  room  temperature  by  huhhlinn  oxyfien  directly  into  the  medium  throuf!:h  a  hyp(»- 
i-rmie  ma-dle.  The  medium  w.as  not  ehany;ed  duriiif;  the  ineuhation.  Tissut's  and  media 
ere  stored  frozen  ])rior  to  extraction. 

xtrartion 

'I'he  medium  and  tissue  from  ciudi  flask  was  extracted  thre(>  times  with  two  volumes 
i.l  ethyl  acetatt'.  I’he  ethyl  acetate  extract  was  washed  with  d  ml.  of  ().()5X  N'a-..(’()3. 
.11(1  then  washed  twice  with  d  ml.  of  distilled  water.  'I'lu'  extracts  from  sevc'ral  incuha- 
iion  flasks  wtwe  irooled,  and  the  ethyl  acedate  distilled  off  uiuh'r  vacuum  at  40  -45°  C. 

I  he  residue  was  further  juirified  hy  iiartitiouing  hetwc'en  distilled  water  and  n-hexane 
(Skellysolve  H).  The  aqueous  pha.se  was  HM'xtracted  three'  times  with  ethyl  acetate, 
i  h('  final  extract  was  asain  dri('d  down,  and  ston'd  in  the  dc't'ji-frc'c'zc'. 

( 'hrnmnlographif 

I’he  residue  was  dissolvc'd  in  50  p\.  ahsoluti'  methanol  and  sjxittt'd  on  Whatman  #20 
lilti'r  ))a|)('r.  Standard  steroids  wen'  applic'd  to  laiu's  runninf!;  paralh'l  to  tlu'  unknown 
>:iniples.  Most  of  the  chromatoftrams  wi'ii'  run  for  O-S  hours  at  room  tf'inpi'iatun'  in  .'i 
toluen('-75%  methanol  systi'in  (13),  aft«'r  ('{piilihration  ov('rni<;ht.  Om*  of  tlu'  jiooh'd 
Tilnpin  I'xtrai'ts  that  had  hec'ii  ston'd  in  the  d('('p-fn'ezt'  for  2^  months  was  run  inc'yi'lo- 
liexaiu'-lx'nzem'-methanol-water  (100:50:100:25)  (10)  for  24  hours  at  room  tc'iiqx'ra- 
tiire.  'I'he  Bodinnun  extract  was  first  chroinatoKraplu'd  in  cyc'lolu'xaiu'-lu'nze'm'-nK'thanol- 
watc'r  for  24  hours;  following;  this,  thn'c  arc'as  (corr('s])ondinfj:  to  tlu'  hic'ation  of  ('ortisol 
plus  ('ortisoiK'.  ('orticosteroiu',  and  1  l-dehydrex'orticostc'roiu')  wc'ic'  ('lutc'd  with  nu'thanol 
Mild  s('parat('ly  n'l'liromatonraiilu'd  in  tolu('n('-75%  nu'thanol. 

In  most  cases,  identification  of  stt'roids  was  a('hi('V('d  hy  comiiariiiff  tlu'ir  n'lativc' 
iiiohilities  with  those  of  tlu'  standards  run  simultaiu'ously  afti'r  (h'vi'lopmi'nt  with  tri- 
plii'iiyltetrazolium  ('hlorich'  (TP'l'Z)  (14).  'I'lu'  Tilnpifi  strip  run  in  ('yc'lolK'xaiK'-lx'iizi'iu'- 
iiK'thanol-watc'r  was  sprayed  with  2N  XaOH.  and  tlu'  fluon's('('nt  spots  ohsc'rvi'd  umh'r 
iillravi(d('t  li^lit  (15).  'I'he  Hodioniin  ('hromatoKrams  wc'ii'  ('iit  l('n'ithwis('  in  half;  oik' 
li.ilf  was  tri'atc'd  with  'I'P'l'Z,  tlu'  otlu'r  examined  hy  tlu'  soda-fluon'sc'i'iici'  mi'tliod. 

II  istologg 

Hepri'si'iitativc'  jiaraffin  s('ctions  wi'rc'  imuh'  of  tlu'  lu'ad  kidiu'ys  or  antc'iior  trunk 
kidneys,  corn'spondinji  to  the  n'fiions  taki'ii  for  incubation.  'I’lu'  pn'sc'iicc'  of  intern'iial 
udand  was  confirnu'd,  and  the  natun'  of  the  surrounding  tissues,  also  inclmh'd  in  the  in- 
( 'illation,  was  (h'tt'rmiiu'd.  'J'issiU's  wc'ri'  fix('d  in  Pouin's  and  staiiu'd  with  alum-lu'ma- 
t  'xylin  and  ('osin. 

RESULTS 

.  noplopomd  Jimhrin.  The  anterior  kidneys  of  17  animals  were  ineuliated, 
:..id  two  eliromatoKiams  were  run  in  the  toluene-7")^,  inetiianol  system 
( 'dfr.  1).  A  siiifrle  spot,  with  a  mohility  identical  to  that  of  cortisol  in  this 
^  stem,  appeared  on  each  chromatogram  after  development  with  TPTZ. 
The  histologic  appearance  of  the  interrenal  gland  and  surrounding  tissues 
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Fig.  1.  Cliromatofirapliic  analysis  of 
steroids  from  Anoplopomn  fimbria.  Stit)i)l(“<l 
sjiots  rejirt'seiit  tiu'  unknown  substances. 
Itlaek  art'as  correspond  to  the  standard 
steroids  run  simultaneously.  N  indieatc's 
the  number  of  animals  used  in  each  ex- 
jteriment.  The  incubation  m»>dium  was 
0.1  IM.  (’hroniiitoKrams  were  run  in  tolinmi 


Fig.  2.  ('hromatoKraphie  analysis  of 
stcToids  from  Mugil  cephalitis.  Standard 
and  unknown  steroids  are  shown  as  in  Fijj- 
ure  1.  The  incubation  medium  was  0.22.M. 
.Vll  ehromatonrams  were  run  in  tohnme- 
759f  methanol  and  developed  with  TPTZ. 


7o9r  methanol  ami  tlevelopt'd  with  I'F  I’Z. 


is  .sliowii  in  Fifiuro  4.  Strands  of  interroiuAl  cells  are  found  sinTonndinjr 
small  veins,  scattered  throiiKh  the  anterior  kidney.  A  few  chromaffin  cells 
may  lie  found  in  these  areas,  hnt  most  of  the  chromaffin  tissue  is  embedded 
in  the  walls  of  larger  blood  ves.sels.  Kidney  tubules  and  hemopoietic  tis.sue, 
predominantly  lymphoid,  make  up  most  of  the  surrounding  ti.ssue  of  tlx' 
anterior  kidney. 

Mugil  cephalus.  47  animals  were  u.sed,  and  4  chromatograms  were  run  in 
toluene-7o%  methanol  (Fig.  2).  On  three  of  the.se,  TPTZ-positive  spots 
were  found  opposite  the  cortisol  and  the  cortisone  standards.  Two  of  the 
chromatograms  also  had  TPTZ-positive  material  remaining  at  the  origin 
The  fourth  chromatogram  revealed  only  the  spot  on  the  starting  line.  Tin 
significance  of  this  spot  remains  to  be  determined,  as  all  our  standard 
steroids  moved  off  the  origin  in  this  chromatographic  system. 

Figure  5  shows  the  histology  of  the  mullet  head  kidney,  which  is  morphe- 
logically  distinct  in  this  species.  Large  masses  of  interrenal  tis.sue  .surroun  i 
the  major  branches  of  the  postcardinal  veins.  Small  clumps  of  lightl 
stained  cells,  presumably  chromaffin,  are  found  clo.se  to  the  })lood  vessi 
lumina.  Xo  renal  elements  are  found  in  this  region.  The  surrounding  heme 
poietic  ti.ssue  is  chiefly  myeloid,  but  lymphoid  tis.sue  is  also  prominen 

Bodianus  bilu7iulatus.  Although  the  extracts  from  .44  animals  were  poolc 
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md  chromatographed  together,  no  steroid.s  were  detected  by  either  TIH'Z 
)r  the  soda-fluorescence  methods. 

The  histology  of  the  head  kidney  is  sliown  in  Figure  7.  Although  the 
lead  kidney  is  morifliologically  discrete,  it  is  predominantly  a  mass  of  renal 
ubules,  with  lymphoid  tissue  visible  between  these.  Clumps  of  pale  chro- 
naffin  cells  are  widely  scattered  through  the  interrenal,  which  surrounds 
iiany  of  the  larger  veins  and  their  branches. 

'•'ihipia  monntimbica.  129  animals  were  used,  and  7  chromatograms  run 
Fig.  d).  Aftei’  chromatography  in  cyclohexane-benzene-methanol-water 
iiid  development  by  the  soda-fluorescence  nu'thod,  two  spots  were  ob- 
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Fig.  3.  ('liroinatoKiaphif  analysis  of 
'teroicls  from  Tilapia  mossambicn.  Stand- 
0(1  and  unknown  storoids  arc  sliown  as  in 
Figure  1.  N  indicates  the  nuinix'r  of  ani¬ 
mals  used,  S\V  refers  to  animals  inain- 
lained  in  sea  water  for  ti  weeks  prior  to  in- 
cuhation  of  the  head  kidneys,  F\V  refers  to 
fish  taken  directly  from  fresh  water.  The 
tirst  four  chromatograms  were  run  in  tolu- 
ene-7r)%  methanol  and  developed  with 
rPTZ.  The  last  chromatoffram  was  run  in 
(■yclohexane-benzene-.S()%  methanol  and 
developed  hy  the  soda-fluorescence 
method. 
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served.  The  le.ss  polar  of  these  was  found  opposite  the  corticosterone  stand¬ 
ard,  and  the  polar  component  appeared  as  a  band  from  the  origin  through 
the  region  occupied  by  cortisol  plus  cortisone.  Two  of  the  toluene-7')% 
methanol  chromatograms,  representing  8  and  14  animals,  revealed  no  spots 
after  treatment  with  TPTZ,  and  are  not  shown  in  Figure  d.  A  spot  corre- 
'ponding  to  cortisone  was  seen  on  a  third,  and  a  fourth  toluene-7')% 
methanol  chromatogram  showed  8  spots:  one  at  the  origin,  one  correspond¬ 
ing  to  cortisone,  and  one  slightly  less  polar  than  corticosterone.  All  of  these 
were  TPTZ-positive. 

Both  experiments  run  with  seawater-adapted  Tilapia  revealed  a  TPTZ- 
p()sitive  spot  corresponding  to  cortisone,  and  one  having  a  slightly  greater 
mobility  than  corticosterone. 

Figure  0  shows  the  histology  of  the  interrenal  and  the  head  kidney,  which 
discrete  in  this  species.  The  hemopoietic  tissue  appears  to  be  precomi- 
antly  myeloid,  and  no  renal  elements  are  present  in  the  tissue  associated 
ith  the  interrenal.  The  interrenal  resembles  that  of  Mugil  cephalus,  ex- 
I  ept  that  no  chromaffin  cells  have  been  distinguished  in  this  area. 
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DISCUSSION' 

The  results  (summarized  in  Table  1)  presented  herein  strongly  suggest 
'hat  the  interrenal  gland  of  teleosts  is  capable  of  producing  corticosteroids. 
This  is  further  substantiated  by  the  fact  that  in  the  rainbow  trout  {Sahito 
lairdnerii),  relatively  large  (piantities  of  control  tissue  (trunk  kidney  or 
hver)  fail  to  yield  detectable  amounts  of  steroid  (Ki).  It  should  be  empha- 
ized,  however,  that  the  identification  of  the  secretory  products  is  still 


TaBI.K  1.  CoRTICOSTKKOIl)  SKCHKTOUY  I’ATTKR.N  AM)  HISTOl.OfiK'  COMPOSITIOX 
OF  ANTKRIOR  KID.NKYS  I  .\  SEVKRAL  TEl.EOST  FISHES 
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*  Two  additional  chroiiiatoKrains,  usinu  22  more  fish,  n^vualed  no  spots. 

•  Nandi,  J.  rnpuhlished  ol)servations. 


tentative,  in  most  cases  based  only  upon  the  mobility  of  the  substances  in 
a  single  solvent  system,  and  upon  their  reaction  with  TPTZ.  In  all  cases 
only  small  (juantities  of  material,  in  the  order  of  2-o  micrograms  (based  on 
comparison  with  known  (piantities  of  standard),  were  obtained. 

Despite  the  preliminary  nature  of  these  results,  they  are  in  general  agree¬ 
ment  with  the  ob.servations  of  other  workers  on  the  corticosteroids  present 
in  teleost  blood.  The  predominance  of  relatively  polar  steroids  (cortisol  and 
cortisone)  is  evident  in  all  teleosts  thus  far  examined.  However,  Tilapia 
repre.sents  the  first  teleost  in  which  no  evidence  of  cortisol  secretion  has 

•(-m 

Fic.  4.  Histology  of  tlic  anterior  kidney  of  Atioplo/joiiin  Jinibrin.  sliowiiifj;  interrenal 
cells.  Kidney  tiihnles  are  present  at  tin*  upper  left.  The  reinaindi'r  of  the  tissiii'  is  (diiefly 
lymphoid.  H.  and  K.  X-‘t70. 

Fig.  .').  Histoloffy  of  the  head  kidney  of  Mugil  cephahts.  'the  lunum  of  a  vein  appears 
it  the  toj).  The  interrenal  cells  e.xtend  as  cords  into  the  surrounding  tissue  which  con¬ 
tains  both  myeloid  and  lymphoid  elements.  H.  and  F.  X37(). 

Fig.  ().  Histology  of  the  head  kidney  of  Tilapia  aiossaaibica.  Cords  of  interrimal  cells 
urround  a  vein,  and  e.xtimd  into  the  surrounding  tissue  which  is  ])redominantly  myeloid. 
H.  and  K.  XIt7(). 

Fig.  7.  Histology  of  the  head  kidney  of  liodianus  bilunulatus.  The  lumen  of  a  vein 
-  seen  at  the  left.  .Masses  of  interrenal  cells  lie  along  this  vein  and  also  its  branches,  as 
een  at  the  lower  right.  The  pale  cells  visible  in  this  tissue  are  ])resumably  chroinaHin. 
'everal  kidney  tubules  and  a  collecting  duct  can  be  seen.  The  hemopoietic  tissue  is 
hiefly  lymphoid.  H.  and  F.  X370. 
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l)een  found.  vSiiice  only  a  few  species  have  as  yet  been  studied,  no  correla¬ 
tion  can  be  made  between  the  observed  secretory  pattern  and  the  habitat, 
physiology,  or  taxonomic  position  of  the  species.  That  the  secretory  pattern 
of  a  given  species  does  not  alter  with  a  change  in  habitat  is  suggested  by 
the  fact  that  the  major  components  were  the  same  in  both  freshwater  and 
.seawater-adapted  Tilapia.  There  is  some  indication,  however,  that  the 
secretory  capacity  of  the  tissue  may  have  been  somewhat  greater  in  the 
seawater-adapted  fish.  Hane  and  Robertson  (9)  also  found  no  (lualitative 
variation  in  the  blood  corticoids  of  salmon  under  different  environmental 
conditions. 

A  numl)er  of  factors  complicates  the  use  of  in  vitro  methods  with  teleost 
material.  The  histology  of  the  incubated  tissue  reveals  the  pre.sence  of 
several  tissue  types  other  than  interrenal:  chromaffin  tissue,  hemopoietic 
tissue,  and  in  some  cases  renal  tubules  are  present.  Work  currently  in  prog¬ 
ress  on  the  rainbow  trout  {Solmo  guirdnerii)  indicates  that  the  presence  of 
these  tissues  may  result  in  considerable  lo.ss  of  extractable  steroid  through 
some  type  of  ti.ssue  binding.  The  possibility  of  sub.sequent  metabolic  altera¬ 
tions  of  the  secreted  steroids  by  the  surrounding  ti.ssues,  particularly  by 
kidney  tubules,  also  must  be  considered.  The.se  factors  undoubtedly  ac¬ 
count  in  part  for  the  low  yield  of  steroids  in  our  .system.  Extensive  conjuga¬ 
tion  of  steroids  by  the  mas.ses  of  renal  tubules  of  the  Bodianus  head  kidney, 
for  example,  may  have  been  responsible  for  our  failure  to  obtain  sufficient 
([Uantities  for  identification  in  this  species. 

The  microanatomic  nature  of  the  anterior  kidney  cannot  be  predicted  by 
gro.ss  anatomic  considerations.  The  discrete  head  kidneys  of  Tilapia  and 
Mngil  are  free  from  renal  elements,  but  the  eciually  discrete  head  kidney  of 
Bodianus  is  largely  renal  in  structure.  On  the  other  hand,  the  anterior  end 
of  the  trunk  kidney  in  Salmo  shows  no  renal  component,  whereas  that  of 
Anoplopoma  is  definitely  renal.  Variations  in  the  nature  of  the  hemopoietic 
“background”  ti.ssue  are  also  con.siderable  (see  Table  1). 

As  in  any  in  vitro  sy.stem,  one  cannot  a.ssume  that  the  .secretory  products 
observed  correspond  to  tho.se  normally  .secreted  by  the  interrenal  gland. 
Preliminary  experiments  with  the  rainbow  trout,  using  the  same  methods 
described  herein,  indicate  the  presence  of  cortisol,  and  possibly  of  cortisone' 
and  of  small  amounts  of  corticosterone  (Iti).  This  compares  favorably  with 
the  finding  of  corti.sol  and  cortisone  in  the  blood  of  the  same  species  b\ 
Ilane  and  Robertson  (9). 

Becau.se  of  the  small  yield  of  steroid,  our  results  probably  represent  onl; 
the  major  products  of  secretion  from  the  teleost  interrenal.  This  is  equall' 
true  of  the  analyses  of  fish  systemic  blood.  Thus,  we  have  not  yet  been  abl 
to  determine,  for  example,  whether  aldosterone  is  secreted  by  the  teleos 
interrenal,  although  the  finding  by  Phillips  and  Mulrow  (10)  that  pro 
gesterone  can  be  converted  to  aldosterone  by  anterior  kidney  tissue  i 
highly  suggestive.  In  addition,  Phillips,  Holmes  and  Bondy  (17)  have  evi 
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(leiitly  detected  aldosterone  in  the  blood  of  male  sockeye  salmon.  The  yield 
of  steroids  fi'om  our  incubations  mifiht  well  be  inci-ea.sed  with  modifications 
of  the  incubatinfj;  medium  by  addition  of  corticotropin  preparations,  by 
addition  of  substrates  involved  in  steroid  biosynthesis,  and  by  alterations 
in  ionic  composition.  Mammalian  corticotropin  preparations  were  not  used 
in  the  present  study  to  avoid  po.ssible  phai  inacologic  effects,  but  may  pro¬ 
vide  information  of  considerable  interest  (IS).  The  addition  of  small 
amounts  (approximately  0.1  Armour  AC'TIIAR  unit  per  100  mg.  of  ante¬ 
rior  kidney  tissue)  of  ovine  corticotropin  to  the  incubation  medium  ap¬ 
parently  increased,  but  did  not  (pialitatively  alter,  the  secretory  products 
of  the  trout  ititei’renal  ( 10). 

Further  experiments  are  now  in  progress  to  provide  more  complete  iden¬ 
tification  of  the  teleost  corticoids,  as  well  as  to  fuither  define  the  inter¬ 
actions  of  non-interrenal  ti.^sue  with  steroids  in  our  in  vitro  system. 
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EFFKC'T  OF  REMOVAL  OF  HERSA  FAHRICII  OX  DEPLETIOX  OF 
ADRENAL  ASCORBIC  ACID  IN  A('TH-TREATED  CHICKS 

ABSTRACT 

The  hursa  of  Fahrieius  was  surgically  removed  in  a  miinher  of  chicks;  hursecto- 
mized,  and  hursae-intact  chicks  were  eciually  treated  with  ACTII  injections  and 
their  adrenal  ascorbic  acid  subsequently  examined.  A  highly  significant  depletion  of 
the  adrenal  aseorbic  acid  was  obtained  in  the  bursectomized  birds;  no  response  was 
nott'd  in  the  chicks  with  intact  bursae.  It  was  eoncluded  that  the  bursa  of  Fabricius 
plays  an  inhibiting  role  in  the  elicitation  of  adrenal  ascorbic  acid  depletion  rea<‘tion 
to  .\CT11  treatment  in  young  birds. 

Several  workers  have  reporte<l  that  birds  differ  from  other  animals  in  their  rt'action 
to  ACTH  or  stress,  since  they  do  not  dejdete  tlieir  adrenal  ascorbic  acid  (l-o).  On  this 
basis  the  study  of  stress  in  birds  has  been  difficult  because  of  the  lack  of  suitable  criteria 
for  the  evaluation  of  stress  in  fowl. 

Recently  it  was  demonstrated  that  adrenal  ascorbic  acid  dej)letion  could  be  ac¬ 
complished  in  AOTH  treated  laying  hens,  but  not  in  young  chickens  (b).  The  cause  of 
failure  of  young  birds  to  n-spond  in  this  respect  remained  an  unsolved  jjroblem. 

Since  the  function  of  the  bursa  of  Fabricius,  a  structure  peculiar  to  birds,  existing 
uj)  to  o-b  months,  is  not  understood,  the  authors  examined  the  correlation  of  the  bursa 
with  the  lack  of  adrenal  ascorbic  acid  depletion  in  ACTH  treated  young  chickens. 

M.\TKKI.\LS  MKTMODS 

Thirty-six  male  White  Leghorn  c-hicks,  b  weeks  old,  were  used.  Eighteen  of  the.se  birds 
were  bursectomized  at  the  age  of  2  weeks,  and  ke|)t  for  4  weeks  during  recovery.  The  bur- 
sectomy  was  performed  by  the  method  of  Chang,  Rheins  and  Winter  (7).  The  day  after  the 
removal  of  the  bursa  the  chicks  ate  and  drank  well  ami  their  later  development  was  of  the 
.same  rate  as  the  controls.  .Ml  cdiicks  were  kept  in  batteries  and  fed  a  commercial  starter  mash. 

The  bursectomized  chicks  were  divided  into  8  groups,  eacdi  consisting  of  (i  birds.  Croup  1 
s(‘rved  as  controls  for  groups  II  and  III;  each  chick  of  this  group  received  1  ml.  of  saline 
solution  intravenously  and  was  killed  one  hour  later.  Those  from  group  II  were  injected 
intravenously  with  1  ml.  of  10  i.u.  of  fast  acting  corticotropin  (Organon,  Holland)  one  hour 
before  sacrifice,  while  the  birds  of  group  Ill  were  treated  with  “i)rolonged  action”  cortico¬ 
tropin  as  follows;  during  24  hours,  eacdi  idiick  was  injected  intramuscidarly  with  8  ecpial 
doses  of  10  i.f.  of  corticotroj)in  suspended  in  5%  beeswax  in  peanut  oil  which  was  warmed 
and  stirred  before  injection.  The  birds  were  killed  24  hours  after  the  last  injection. 

Croups  IV,  V  ami  VI,  eacdi  consisting  of  b  (diicks  with  intact  bursae  were  treated  in  the 
Vame  manner  and  received  the  same  doses  as  Croups  I,  II  and  III  res|)ectively. 

.\11  birds  were  kilh'd  by  cervical  dislocation.  Both  adrenals  of  eatdi  bird  were  removed, 
weighed  together  and  homogenized.  No  individual  bodv-adr<‘nal  weight  relations  were  per¬ 
formed  as  all  birds  were  approximately  of  the  same  weight.  The  adrenal  ascorbic  acid  de¬ 
terminations  were  carried  out  by  the  method  of  Roe  and  Kuether  (8),  using  Xorit  as  oxidizing 
agent.  Readings  were  taken  on  a  Ililger  electrophotometer. 

KK.SULT.S  .\NI)  COXIMKMS 

The  data  in  Table  1  show  that  when  compared  to  the  saline-tr(‘ated  bursectomized 
chicks  both  the  fact  acting  and  the  jtrolonged-acting  .\('TH  treatment  caused  a  49.5^', 
and  41.37%  depletion  in  total  adrenal  ascorbic  acid  (Croups  II  and  HI);  the  concentra 
tion  decreas(‘d  57.3%  and  45.8%  res\)ectively.  Statistically,  both  results  are  highlv 
significant.  No  significant  changes  occurred  in  the  adrenal  ascorbic  acid  of  chicks  witl 
intact  bursae  in  Croups  IV.  V'  and  VI  treati'd  in  the  same  manner. 
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Table  1.  Adkenal  ascokbit  depletion  in  AC'TH-  treated  intact  and 

BURSEI^TOMIZED  CHICKENS 


*  "  '  1 

.Mean*  I 

Adrenal 

Groups  and  trcatincnt  ' 

No.  of  ! 
chickens 

Weipht  j 

Ascorbic  acid 

.\Ik.  i 

*>;  diff. 

Content, 

%  diff. 

Concentration, 
ine.  '’i 

%  diff. 

1.  Bursoctoiiu^od,  saiim*  control  | 

b  1 

5'.t  +  3  1 

_ _ 

84.6  ±8 

_  1 

143.  ;i 

_ 

II.  Hurscctoniizi'd.  AC'TII  fast  | 

act  ins  10  lU. 

70+14  ' 

18. n 

42.7±3 

40.. 5 

61.0 

57.3 

II.  Hursfctoinizcd.  .\(’TII  pro- 

1 

longed  action  3  10  if. 

6 

Oi 

1+ 

7.06 

40 .6  +  4 

41.:17 

1  77.7 

45.8 

IV.  With  intact  bursae  .saline 
control 

6 

60.0±6 

1  _ 

1  01.16  +  7 

1  151.9 

V.  With  intact  bursae  .\(’TH 

fast  actinK  It)  if. 

1  H 

.57.:i  +  3 

4.16 

'  88.:i4  +  7 

■  3.(m 

'  144.1 

!  1.4 

i  l.  With  intact  bursae  .ACTII  pro- 

lonK(‘d  actions  3  10  ii\ 

'  b 

.  f.L>. ()  +  ."> 

1  :i.;« 

81.4.5±.‘> 

;  HI  .  6.5 

131.3 

1  13.5 

*  ±  Standard  Errors. 


The  function  of  the  bursa  of  Fabrieiiis  in  birds  is  obscure.  Different  workers  ascribe 
to  it  endoeriiie  fiiiietions  related  to  growth  aiul  sexual  developiiient  (9,  10),  lymph 
•.iland  and  thymus-like  fiiiietions  (11,  12,  13),  and  an  involvement  in  antibody  jirodue- 
tion  (14). 

The  results  reported  demonstrate  clearly  that  the  bursa  of  Fabrieius  prevents  the 
adrenal  ascorbic  acid  depletion  in  youiif!;  ehiekims  caused  by  .\(’TH.  Whether  the  bursa 
plays  a  major  role  in  stress,  is  a  ehallensinn  ipiestion. 

The  authors  sii^nest  that  adrenal  ascorbic  acid  depletion  in  biirseetomized  chicks  be 
used  for  evaluatiiifj  the  mafinitiule  of  acute  and  chronic  stri'ssors  in  birds. 

M.  1’ekek  and  .\.  EiL.vr 

Hebrew  ('niver.Hity,  Jerusalem 
Department  of  Animal  Hygiene 
and  I9uiltry  Science 
itehoi'ot,  Israel 
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KFFKC  T  OF  CHADFl)  DOSFS  OF  ANTFHIOH  IMTI  ITAHY  FXTHA('T 
OX  THYROID  WFKIHT  AXI)  THYROID  SFRF.M  lODIDF  RATIO 
IX  THF  HYRORHYSIX'TO.MIZFD  RAT' 

AHSTRAC'T 

Oriidod  doses  of  crude  (‘xtraet  of  rat  anterior  pituitary  gland  were  injeetc'd 
daily  for  four  days  into  hyj)ophyseetomized  rats.  On  the  fifth  day  thyroid  weight 
and  thyroid /serum  iodide  ratio  (T/S)  were  measunal.  .\t  low  levels  of  stimulation, 

T/S  was  found  to  he  a  far  more  sensitive  measurt'  of  thyroid  activation  than  was  thy¬ 
roid  weight  change.  These  results  are  eonsich'red  in  relationship  to  the  dissociation 
hetween  T/S  and  thyroid  sizt-  in  rats  with  hypothalamic  lesions. 

In  the  ])resenee  of  anterior  hypothalainie  damage  thyroid  growth  response  to  proju  l- 
thionraeil  administration  (1.  2,  3)  or  to  jmrtial  thyroidectomy  (4)  is  imi)aireil  or  ahol- 
islu'd.  In  contrast,  the  avidity  of  the  gland  for  iodine,  as  measured  hy  the  thyroid 
''serum  iodide  ratio  (T  S)  increase's  to  the  usual  degree.  The  dissociation  hetween  growth 
ami  functional  resixmse  to  goitrogen  administration,  which  can  also  he  demonstrated  in 
mice  hearing  intra-oeular  pituitary  transplants  (.5),  was  at  first  interi)reted  hv  (Ireer  as 
evidc'nee  for  the  existence  of  two  kinds  of  TSH,  <me  influencing  growth,  and  the  otlu'r 
function  of  the  thyroid  gland.  This  inten'sting  sugge'stion  stimulateil  a  numlu'r  of 
stmlii's  which  have'  furtlu'r  elarifie'el  the  e'fTe'e'ts  of  hvpeethalamie  h'siems  em  thyreeiel  fune- 
tieen  (fi,  7.  N).  the'  ae'tieni  eif  i)re»pylthie)Uraeil  een  the*  thyreeiel  ghmel  inele'])e'neh'nt  e)f  'I'SH 
(ft,  10)  anel  the'  e'fTe'e'ts  eef  le>w  eleesage'  e)f  TSH  een  thvreeiel  fune'tieui  anel  strue'ture'  (11). 

In  a  re'e'e'iit  i)ape'r  (12),  (Ire'e'r  re'i)e>rte'el  the'  re'sults  etf  giving  graeh'el  eleese's  eef  TSH  te) 
hy])e)])hyse'e'te)mize'el  mie'e'  anel  e>f  graeh'el  eleese's  eef  thyreexiiu'  tee  pre)])yllhie)urae'il  tre'ate'el 
niie'('  anel  e'enu'hieh'el  that  the'  elisseie'iatiem  he'twe'e'ii  gretwth  re'spemse'  anel  fune'tieuial  re'- 
speense'  e'endel  he'st  he'  e'xplaine'el  "hy  eliffe'ie'nt  thre'sheilels  eef  the'  inelivielual  preee-e'sse's  te)  a 
single'  thyre)tre)])in”  ratlu'r  than  hy  peestulating  that  “meere'  than  eeiu'  thyre)tre)])in  is  in- 
veelve'el  in  the'ir  e'eentre)!.” 

In  this  laheerateiry,  e'xpe'rime'iits  similar  tee  theese'  eef  (Jre'e'r  have'  re'e'e'iitly  he'e'ii  e'eemph'te'el 
with  e'eemparahh'  finelings.  Sine'e'  the'y  we'ie'  eleme'  in  a  eliffe're'nt  animal  (rat  inste'ael  eef 
meeuse')  using  a  whe)le'  i)ituitary  pre'paratie)n  inste'ael  e)f  ])uritie'el  TSH.  the'v  are'  he'ing  ])re'- 
se'iite'el. 


MKTueens 

Hvpeeplixse'e'feemize'el  lh>ltzm:in  rats- he'twe'e'ii  130  and  154  gm.  in  we'ight  we're'  use'el  in  this 
stuely.  Tlu'y  we're'  imiintaine'el  eui  Purina  laheireiteiry  e'heiw  with  supple'ine'uts  eif  eirangi'  slie-e's 
anel  hre'ael  anel  we're'  heuise'el  in  a  e'emtreille'el  te'inpe'i  iit  ure'  reieun  at  20  ±  1°  ('.  .\nimals  we're'  1  f 
elays  peist-hypeiphyse'e'teuny  at  the  time'  that  assay  was  he'gem. 

Demeir  pitiiitarie's  we're'  ohtaine'el  freim  male-  Heiltzman  rats  we'ighing  he'twe'e'ii  250  anel  450 
gm.  The'  animals  we're'  kille'el  with  e'tlu'r,  the'  |>ituitai'ie's  re'ineive'el  epiie-kly  anel  the'  aiife'rieir  leihe' 
se'parate'el  anel  jilae'e'il  imme'eliate'ly  iiitei  the'  eh'e'p  fre'e'ze'.  In  e>rile'r  te)  pri'pare'  the'  e'Xtrae't,  the' 
freeze'll  whole'  ante'rior  pituitaries  we're'  peiole'el,  henneige'iiize'el  in  saline  anel  M'freize'ii  in  alie|"e)ts 
se)  that  e'ae'h  elaily  eleise'  e-euilel  he'  thawe'el  just  he'feire'  ilijeetiem.  Dilutions  we're'  maeU'  up  see  that 
e'ae-h  animal  re'e-e'ive'ei  1.0  ml.  e)f  seilutieui  elaily  e'eintaining  the'  appreipriate'  frae'tiem  eif  whole' 
pituitary  glaml.  (Jreuips  eif  hypeiphyse'e'teimize'il  rats  we're'  give'ii  e'xtrae'ts  e'epiivale'iit  tei  0.25, 
0.5  anel  1.0  pituitary  pe'r  elay  feir  feuir  elays.  Twe'iity-feiur  lieuirs  feilleiwing  the'  last  inje'e'tiein, 
the  thyreiiel  weight  anel  thyroiel /se'riim  ieieliele  ratiei  was  me'asiire'el  using  a  te'e'hniepie'  meielitieel 
from  that  of  \'aneh'rhaan  anel  (Ire'e'r  (13). 


KK..SII.TS 

I’reigre'ssive  inere'ase  in  heith  thyreiiel  we'ight  anel  T/S  feilleiwe'el  the'  aelmitiistration  of 
graeh'el  eleise's  eif  jiituitary  extract  (Fig.  1).  The'se-  twei  paramete'rs  eif  thyreiiel  stiimilatiein 
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'h;.  1.  (»f  uraflc'd  doses  of  an¬ 

ti  ir  pituitary  extract  on  tliyroid  size  and 
til  -oid  serum  iodide  (T /S)  ratio  in  hy¬ 
po  iiyseetomized  rats.  Dosage  of  extract 
col  esiionds  to  tile  fraction  of  whole  jjland 
ad  dnistered  each  day  for  four  days. 


0  0  25  0.50  10 

III)  181  IS)  16) 

WHOLE  pituitary  DOSAGE  EQUIVALENT  / DAY 
(  )  *  No  of  Animals/ Group 

dill  not  rise  in  a  jiarallel  fashion  however.  In  fioin}Y  from  levels  of  no  stimulation  to  0.2") 
and  0.")0  iiituitary  e<iuivalents  per  day,  'I'  S  increased  to  a  jjreater  denrei'  than  did  weight ; 
lietueen  O.o  and  1.0  eciuivalents  per  day.  thyroid  weitjht  continued  to  rise  while  T/S 
ratio  tended  toward  a  plateau.  .\t  low  levels  of  TSU  stimulation  therefore  '1'  S  ratio  re- 
spiiiids  to  a  greater  extent  than  does  thyroid  weifiht. 

DISC  rssiu.v 

'I'hese  results  are  eompatihle  with  (Jreer’s  ohsi-rvation  that  !'■"  uptake'  a  steeper 

doM  -resi)onse  curve  to  'I'SH  stimidation  than  does  thyroid  size  in  the  mouse  (12).  'I'hi'y 
are  also  in  harmony  with  the  findin)>:  of  the  Hiijjilanovc's  (11)  that  in  PTl'  fed  rats  there 
is  a  dissociation  Ix'twi'cn  T/S  ratio  and  th.\  roid  jirowth  response  at  low  levels  of  stimula¬ 
tion.  'I'he  eonelusion  is  warranted  that  these'  piirame'ti'rs  of  filanel  ac'tivation  rc'sponil  in 
a  epiantitatively  diffi're'iit  fashion  to  TSH  and  that  dissociation  of  }jrowth  and  function 
alone  is  not  e'vide'iie'i'  for  the  existi'iic'c'  of  more'  than  one'  kind  of  I'SIl. 
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STHESS-INDECED  ADHENAI.  ASCORBIC  AC  ID  DEPLETION  IN  THE  ('.VD 

ABSTRACT 

significant  adrenal  ascorbic  acid  depletion  results  from  the  stress  of  acute 
unilateral  adrenalectomy  in  the  cat.  Hydrocortisone  i)retreatment  blocks  this 
response,  and  exogenous  AC'TH  overcomes  <"orticoid  blockade,  as  in  the-  rat.  'I'he  cat 
does  not  demonstrate  as  unequivocally  as  otlu'r  species  “compensatory”  adrenal 
hypertrophy  in  response  to  chronic  unilat(‘ral  adrenalectomy. 

In  tlie  course  of  studies  on  efff'ets  of  chronic  limbic  lesions  iii  tlie  cat  (1)  it  was  consid- 
erc'd  desirable  to  ineltide  a  meastire  of  the  ])ituitary  adrenocortical  response  to  stress, 
since  it  is  known  that  stimulation  in  limbic  areas  ituluees  a  rise  in  blood  eorticostcuoids 
(2). 

.\drenal  ascorbic  acid  depletion  following  stress  has  been  well  validtited  as  a  mciisurc 
of  acute  .\('TH  release  in  tin*  rat  and  guinea  pig  (3).  but  has  not  betui  studied  thoroughly 
in  other  species.  Dohan  an<l  Lukens  (4)  demonstrated  a  20%  dei)letion  of  adrenal  as¬ 
corbic  a<dd  in  the  cat  following  intrajR'ritoncal  glucose,  assumed  to  be  an  indication  of 
endogenous  AC  I'll  rcdcasc.  In  the  study  dcscribeil  Ixdow,  tlu>  ability  of  acute  unilateral 
a<lrcnal(‘ctomy  to  cause  adrenal  ascorbic  acid  depletion  was  te.stcd  in  normal  cats.  The 
capacity  of  corticoid  pre-treatment  to  block  this  response  (5.  0)  and  of  exogenous  .V('TH 
to  ov*'rcomc  the  blockade  (0)  were  also  tested.  In  ad<lition,  the  effect  of  chronic  unilateral 
a<lrenalectomy  on  the  weight  of  the  remaining  adrenal  was  investigated,  since  Lobban 
has  claimed  (7)  that  the  cat  fails  to  demonstrate  “comiMMisatory”  adrenal  hy])crtrophy, 
in  contrast  to  the  rat  (8)  ami  dog  (9). 

MATKRIAI.S  AM)  .MKTIIODS 

Thirty  healthy  cats  of  both  sexes  were  used  in  the  following  experiments,  .\nimals  were 
fasted  for  10  hours  l)efore  pentol)arbital  (30  mg. /kg.  I.P.)  was  given. 

Eighteen  untreated  <'ats  were  anesthetized  and  the  first  atlrenal  (usually  the  left)  ri'- 
moved  as  cpiickly  as  possibh*  (within  15  minutes  for  10  cats).  In  2  cats  the  second  adrenal  was 
removed  within  2  or  20  minutes  after  tin*  first,  but  in  It)  animals  the  second  adrenal  was  not 
removed  until  at  least  45  minutes  had  (“lapsed.  Each  adn'iial  was  weighed  and  the  aseorbii 
acid  content  nu'asun'd  (10). 

Six  cats  were  pre-t rented  twice  daily  with  20  mg.  doses  of  com|)uund  F  intramuscularl> 
for  2  days,  a  fifth  dose  bc'ing  given  on  the  morning  of  the  third  day.  Several  hours  later  tin 
animals  were  subjected  to  th(“  acute  stress  described  above.  Two  of  the  cats  were  given  2.5 
i.c.  .\('TH  intravenously  at  the  time  of  removal  of  the  first  adrenal. 

Six  eats  had  either  the  right  or  left  adrenal  removed  under  sterile  conditions.  Two  or  foin 
weeks  later  the  second  adrenal  was  removed.  Each  adrenal  was  weighed. 

RKSULTS 

The  data  on  adrenal  weight  and  ascorbic  acid  concentration  and  depletion  on  al 
acutely  stress(‘d  cats  are  summarized  in  Table  1 .  Th(“  adrenal  weight  to  body  weight  ratio 
the  ascorbic  acid  concentration  in  the  first  adrenal,  and  the  percentage  dci)letion  do  no 
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Table  1.  Adkknai,  wEMiin  and  ascohbic  aiid  conc  entkation  and 

DEPLETION  TO  ACLTE  TMLATEKAL  ADKEN ALECTOMY  IN  CATS 


Sex 

1 

N 

1 

n.w., 

.\dieiial  \vt.,  mp. 

Tot.  A.W..  mp. 

Adrenal 
aseorbie  ueid  ! 

Interval  j 
between  j 
adrenal  j 
removals,  • 
min. 

‘  i  aseorbie 
acid 

depletion* 

ke. 

Kielo 

H.W.,  ke.  1 

(br.'it),  , 

MS*  tnc.  ; 

I'litTfatod  j 

.M  ' 

It  1 

2. '.14 
±  .68 

163.4 

±27.2 

178.8  i 
±40. .5  i 

117.1 

±2.5.2 

0.08 

±0.24 

,56 

15.8 
±  10.4 

1 

8 

2.85  I 
±.42  i 

i  148.0 
±26.8 

148.6 
±  84 .  .5 

128.1 

±28.2 

0.75 

±0.81 

46 

±11 

18.0 
±  114 

Untreated 

U 

1 

1  2.01 

‘»6.0 

116.0 

i  10.5.8 

(l.ltl 

2 

10.4 

->X20  me.  1' 

2M 

4 

2 . 10 

217.2 

2(  t7.lt  I 

1  217.8  i 

6.76 

56 

3.2 

21 

±  .  .58 

±08.4 

±77.8 

±10.5.4  ! 

±6.27 

±  It 

'  ±10.8 

■,X20  me.  1+2,') 

1 

1 

2 . 08 

2.56  8 

246.7 

160.8 

0.64 

.5(» 

27.8 

I.ACTII 

1 

1 

2.10 

147  .5 

188. 5 

1  184.0 

0.61 

1  .58 

85.7 

±  Standard  Deviation. 

*  First,  Mg.  nig. —.’second, /iff.  ing. 

.  __  - X  UH) 

Fir.-jt,  mR*.  niR. 


.litTcr  sinnificiiiitly  lictwccn  male  and  female  eats.  Xo  sijrniHeant  differenees  in  \veif!;ht 
^vere  demonstrated  lietween  rifj;lit  and  left  adrenal.  .\  si};nifieant  (P<.01)  ascorbic  acid 
ilcpletion  occurred  in  liotli  sexi's.  lS.0%  +  4.0  (S.lb)  and  1.t.S%  +.‘5.o  (S.lb).  Howevi'r,  .‘5 
of  the  males  and  2  of  the  females  had  less  than  10%  depletion.  'I'lie  cat  with  virtually 
simultaneous  adrenal  removals  showed  10.4%  depletion. 

Hydrocortisone  iire-treatnient  hlocki'd  the  depletion  of  ascorbic  acid  (Tabh*  1),  while 
intravenously  administered  .Vt'd'H  induci'd  27.3%  and  3.5.7%  deiiletion  in  2  cats.  'I'liree 
of  the  4  females  receiviiifi  hydrocortisone  showed  remarkably  increased  adrimal  weights. 

rh(“  results  of  chronic  adrenalectomy  are  shown  in  Table  2.  I'lie  averat?e  difference  in 
adrenal  weif^ht  (-|-10.0  nij;.)  is  not  sifinifieantly  t!;r(“ater  than  the  standard  error  (Table 
2).  which  is  lar^e  owiiifi;  to  the  wide  ranne  of  resiionses.  Three  of  tin'  six  cats  showed  a 
weijjht  difference  between  the  two  adrenals  which  is  of  the  order  of  magnitude  of  the 
liyp(‘rtid|)hy  seen  in  the  rat  (S)  and  dojf  (9). 

DISCUSSION 

(Qualitatively  siieakinn,  the  adrenal  ascorbic  acid  in  the  cat  responds  similarly  to 
that  in  the  rat,  since  stnxss  lowers  the  concentration,  hydrocortisone  blocks  this  effect 
and  .\CTH  overcomes  corticoid  blockade,  'fhe  initial  concentration  in  the  adrenal  is, 
however,  only  one-cpiarter  the  concentration  in  the  rat  adrenal  (b).  'Phe  deiiletion  of 
ascorbic  acid  in  the  second  adrenal,  while  significant,  was  only  Hi%  in  the  cat  (Table  1), 


Table  2.  Effect  of  ciiuontc  c.mlatep.al  adrenalectomy  on 

WEIOIIT  OF  REMAININO  ADRENAL  IN  THE  CAT 


(’at  : 

Sex 

Interval 

between 

adrenal 

removals 

H.W 

,  kn.  .\dreiial  wt.,  lUK. 

Second 

A.W. 

First  A.W., 
mu. 

Initial 

Terminal!  First 

Second 

1 

F 

4  wks. 

1  .87 

•1.70  134.3(H) 

137.1  (L) 

+  2.8 

2 

F 

4  wks. 

2.44 

2.44  ;  147.1  (L) 

201 .2  (H) 

+  .54.1 

3 

K 

2  wks. 

2.01 

2.32  120.2  (b) 

144.5  (H) 

+  15.3 

4 

F 

2  wks. 

2.04 

2.38  130.8(H) 

141 .5  (b) 

-|-  1.7 

5 

.M 

2  wks. 

3.00 

2.78  ;  1.51. .5  (If) 

170.3  (b) 

+24.8 

() 

.M 

2  wks. 

3 . 40 

3 . 52  175 .5  ( L) 

172.8  (H) 

—  2.7 

.•\veraKe  =  t  H>.() 
S.E.  =±  8.7 
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wlicn-as  unilateral  adrenaleetoniy  in  the  rat  ^ives  at  least  'lepletiun  in  eoinpari-  u 
t<»  unoperated  eontrols  (5).  It  is  possible  that  the  first  adrenal  in  the  eat  was  alri“ady  |  r- 
tially  depleted  duo  to  anesthesia  and  laparotomy  (8).  If  this  is  so,  then  hydroeortisi  ic 
failed  to  block  this  depletion  (Table  1). 

The  failure  of  hydrocortisone  to  jjroduee  atro])hy  is  probably  related  to  the  short  du  i- 
tion  of  treatimuit.  Since  there  were  no  sham-injected  controls,  it  is  not  known  whet  r 
the  hypertrophy  in  three  cats  (Table  1)  is  due  to  a  non-speeific  injection  stress. 

The  data  in  Table  2  concernin>;  ‘•(•ompimsatory"  adnmal  hyiM-rtrophy  are  eipiivoi  d, 
leaviii}!:  open  the  (juestion  of  whether  or  not  the  cat  demonstratc's  this  phenomenon  i  ). 
Since  hypo|)hysectomy  induces  adrenal  atro])h>.  anti  pituitary  (“xtraet  or  stress  caii-cs 
hypertroi)hy  in  the  eat  (4),  one  would  t'xpeet  the  usual  hypertrophy  in  rt'sponst*  to  !•  iv- 
ered  eirculatin^  corticoids.  It  is  jjossible  that  hyperactivity  of  tin*  remainiiifi  adrenal  t  ii- 
tex  can  occur  in  the  cat  without  always  beinf!;  reflected  in  hyi)ertro|)hy. 

Xkkxa  H.  Sc  hwahtz  and  Akthuu  Klim. 
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Addendum 

Since  submission  of  the  manuscript,  IClton.  et  al.,  (Hniloerinologg,  65:  1.52,  1959)  iiavo 
re|)orted  no  significant  ailrenal  ascorbic  acid  de])letion  to  cold  exposure  or  intramuscular 
.V('TH  in  the  cat.  in  contrast  to  prestuit  results.  The  appanuit  discrepancy  may  he  due 
to  our  use  of  the  first  adrenal  as  a  control  value  in  eai  h  eat,  idiminating  to  some  extent 
variability  between  animals. 
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KFKKCT  OK  TlIYIiOXIXK  AXI)  HKI.ATKl)  ('O.M I’OI  X l)S  OX 
MOXOA.MIXK  0X1  DASH  ACTIVITY' 

AHSTHA(’T 

The  ai'livity  of  nioiioainiiu*  oxidase  (MO)  was  stiidi(‘d  in  llio  liver,  lieart  and 
l)rain  of  rats.  The  speeifie  activity  of  heart  was  found  to  he  1.5  tyramine  eon- 

sunied/nin.X/hr.;  that  of  hrain  0.1),  as  eonipar(‘d  to  about  (i.O  for  liv<“r.  .\fter  a 
daily  injection  of  thyroxine,  triiodothyronine  and  triiodothyroaeetie  acid,  on  the 
nth  day  the  .MO  activity  of  liver  was  found  to  he  decreased  hy  about  50%. 

( )-Methylthyroxine  and  thyroxainine  caused  a  decrease  of  50  and  25%,  respec¬ 
tively.  Xo  si(;nifieant  (dianttes  in  .MO  activity  were  noted  in  heart  and  hrain. 

n  a  recent  i»ai)er  (I)  we  rc'jjorted  that  monoamine  oxidase  (.MO)  activity  is  lower 
til;  11  normal  in  tin*  livers  of  rats  fed  desieeated  thyroid.  The  jiresimt  report  describes 
till  effect  of  inji'cti'd  thyroxini'  and  some  structurally  related  compounds  on  the  activity 
(if  >10  in  several  tissues. 

m.\ti:ki.\i.s  .\.ni)  .mkthods 

Male  rats  of  Sprafjue-I  )awlev  strain,  200  225  Kin.  were  siiheutaneoiisly  injeet(Mi  with  the 
foil  iwiiiK  ••onipoiinds:  Xa-(i.)-thyroxin(‘  pentahydrate  (KIthrin;  Smith,  Kline  and  French); 

,5-triiodo-(i.)-thyronine  (Smith,  Klim*  and  Fremdi);  5,5',5-triiodothyroaeetie  acid 
(supplied  kindly  by  Dr.  Rosalind  I’itt-Rivers) ;  ( )-methyl-(i),i.)-thyroxine  and  thyroxainine 
(pi'i  pared  in  this  laboratory).  'I'lie  eom|)ounds  were  dissolved  in  a  mixture  of  water  and 
propylene  kI.vcoI  (1:1),  buffered  at  iill  7-7.2,  I'xeept  tin*  insoluble  ( )-methyl-thyroxirie  and 
thyroxainine  which  were  administered  in  a  sus])ension  of  the  same  solvents,  ('ontrol  animals 
received  injeetions  of  the  solvents. 

The  injeetions  were  performed  daily  for  10  days.  The  dosase  of  thyroxine  was  2.5  MK  /Km. 
hody  wt.  daily.  Thyroxainine  was  Kiv»*n  at  twice  this  level  and  tin*  otlu'r  compounds  were  ad¬ 
ministered  in  doses  aiiproximately  bioloKieally  e(iuivaleiit  to  that  of  thyroxine.  Tin*  rats 
were  killed  by  decapitation  on  the  1  1th  day  and  tlu'ir  liver,  heart  and  brain  were  immediati'ly 
prepared  for  (‘iizymatie  assay. 

Mitoidiondria  from  liver  and  heart  were  prepared  by  the  nu'thods  of  Schneider  (2)  and 
I’laiit  (5),  resjieetively.  Oiu*  ml.  of  the  mitochondrial  suspension  in  0.25  .M  sucrose  repre¬ 
sented  1  Kin.  of  the  fresh  tissue. 

Brain  tissue  was  used  as  hoinoKcnati*,  one  ml.  of  the  homoKenate  representiiiK  1  K<»-  <>f 
the  fr(“sh  tissue.  The  activity  of  monoamiiu'  oxidase  was  assayed  measuriiiK  the  amount  of 
tyramine  dcKraded  after  a  5()-minute  ineiibation  period  (1). 

KKSUl.TS 

Our  study  of  .MO  activity  in  thyroid  hormone-treati'd  rats  is  snmmarized  in  I'able  I. 
.VII  of  the  eompounds  testi'd  wi'rc*  I'ffeetive  in  loweriiiK  .MO  activity  of  the  livi'r.The 
ehaiiKes  in  MO  activity  of  brain  and  heart  wi'n*  insiKiiihvant  and  inconsistent. 

PisrussioN 

A  previous  pajier  from  this  laboratory  (I)  reported  that  fei'diiiK  desieeated  thyroid 
results  in  a  siKnifieant  depri'ssion  of  .MO  activity  in  the  hepatic  tissue  of  rat.  This  eom- 
inunieation  ext(‘nds  the  above  observation.  The  injection  of  various  eom])ounds  which 
have  thyroid  hormone  activity  also  n'sulted  in  a  loweriuK  of  .MO  activity  of  liver.  Doub- 
liiiK  the  dosaK<‘  of  thyroxine,  triiodothyronim*  and  triiodo-thvroaei'tie  acid  did  not.  How¬ 
ever  cause  a  further  siKuitieant  (h'cline  in  MO  activity.  'I'he  less  pronounced  effect  of 
O-methyl-thyroxino  and  thyroxainine  miKht  he  due  to  an  incomplete  absorption  of 
these  eompounds,  since  they  were  inji'cted  in  a  susiiension. 

'!  hyroid  hormones  did  not  cause  a  siKoiffeant  deen'ase  in  the  activity  ol  MO  in 
hrai  I  and  heart.  It  may  lx*  that  our  assay  is  not  sufficiently  sensitive  to  detect  ehauKC 
of  .^'0  in  tissues  initially  low  in  this  enzyme. 

1  eceived  September  1,  1959. 
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Tabi.k  I.  Ekfk«  t  ok  thyroid  hormonks  ox  Mo  activity 

IN  VARIors  TISSI  KS  OF  RAT 


('om))ouiid  injected 

1  )osage 
(Mg.  gin.  of 
weight  fla.v) 

No.  of 
animals 

Sjiecific 

Liver 

activity* 

Heart 

(average) 

Brain 

Thvroxiiie 

2.5 

4 

2 . 0 

1  .0 

0.9 

'I'riiodof  hvroiiine 

0.5 

2.:t 

1 

0.8 

Triioiiothvroacetic  acid 

5.0 

4 

2.0 

1.7 

1  .0 

<  )-Mpthvl-thvroxine 

10.0 

4 

:lo 

.5 

0 .5 

Thvroxamine 

5.0 

4.1 

1  .5 

0.8 

Controls 

0 

5 . 4 

1  .8 

1  .0 

*  uiuoU's  tvraniinc  consuincd  nm.  N  hour. 


It  aiipcars  from  tliis  prclimiiiarv  work  that  iliffcn'iit  tliyroid  lioriiioiics  cxi'rt  a  simi¬ 
lar  ('ff(*ct  on  MO  ill  tlu'  liver. 

The  meehanism  of  thyroid  hormone  eansing  a  deerease  in  hepatic  MO  activity  is  still 
nnknow  n. 

Maija  II.  ZlLK- 

l)<  partim  nt  of  liiockrtiiislri/  ttud  f  uMitidc  for  hluzijoic  RcKrorrh. 

I  ' niverstitu  of  W'iscnnsiti.  Matlifton,  Wisconsin 
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EVIDENCE  FOR  LIVER  IN.VCTI VA  I'lON  OF  PARATHVROli)  IIOR.MONE' 

ABSTRACT 

Parathyroid  glands  aiito-traiisplanted  to  the  h(‘patic  portal  circulation  (spleen) 
failed  to  show  hypiTtroiihic  changes.  However,  they  were  imahle  to  maintain  calcium 
Icvi'ls  of  peritoneal  lavage  fluid  equal  to  tho.«e  held  by  normal  controls  or  animals 
with  auto-transplants  in  the  peripheral  circulation  (testis).  It  is  concluded  that  the 
lessened  cajiaeity  of  s|)leen-implanted  parathyroids  to  mobilize  calcium  is  dm*  to 
partial  inactivation  of  the  hormone  during  its  passage  through  the  liver. 

short  in  vivo  I'.xistcnce  for  parathyroid  hormone  has  been  indicated  by  the  I'xperi- 
ments  of  Munson  (1)  and  .\urbach  (2),  although  its  metabolic  fate  has  not  been  deter¬ 
mined.  Liver  inactivation  of  estrogenic  substances  (3-.5)  and  of  progesterone  (6-9)  has 
been  well  establishi'd.  If  jiroteinaceons  iiarathyroid  hormom*  were  also  inactivateil  dur¬ 
ing  passage  through  the  liver,  it  was  thought  that  normally  operating  jihy.siological 
stimuli  might  be  sufficient  to  produce  a  compensatory  hypertrophy  of  jiarathyroid  glands 
trans])lanted  to  the  Inqiatic  jiortal  circulation  (spleen).  However,  the  histological  appear¬ 
ance  and  estimated  size  of  the  implants  after  two  weeks,  or  even  after  two  months, 
proved  to  be  (>ssentially  normal.  Tlii'se  iireliminary  experiments  indicated  that  any 
destruction  of  tin*  hormone  by  th(>  liver  was  insufficient  under  normal  physiological  con¬ 
ditions  to  initiate  any  major  compimsatory  changes. 

A  more  sensitive  method  has  therefore  been  employed  to  determine  if  the  spleen-im- 

Received  September  2,  1959. 
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planted  parathyroid  does  have  tlie  funetional  eajjaeity  of  intaet  parathyroid  glands,  or  if 
any  inaetivation  of  the  hormone  oeeurs  due  to  its  seeretion  direetl\'  into  the  hepatie 
portal  system.  Bv  the  method  of  peritoneal  lavage  as  emjdoyed  in  this  laboratory  (10)  it 
Is  possible  to  determine  the  relative  ability  of  idiysiologieal  meehanisms,  including  those 
stimulated  by  parathyroid  hormone,  to  replace  diffusible  ealeium  removed  in  the  lavage 
fluid  (11).  By  imposing  this  ealeium  stress,  more  minute  differences  in  hormone  titre 
should  be  detected. 


M.\TKRIALS  .\N-|)  MKTUODS 

The  animals  u.sed  in  the.se  e.vperiments  were  male  lloltzman  rats  weighing  'iOO-'J.iO  gm., 
mil  maintained  on  standard  laboratory  diet. 

.\uto-transplants  of  the  parathyroid  glands  were  made  to  the  right  tip  of  the  st)leen  or 
just  under  the  tunica  all>uginia  of  the  testis.  Both  i)arathyroid  glands  were  transplanted  to 
the  foreign  site  two  weeks  i)rior  to  the  lavage  experiment,  ('ontrol  rats  wen*  i)arathyroid(*c- 
tomizc'd  one  week  prior  to  the  exj)eriment. 

Peritoneal  lavage  was  performed  as  previously  described  (1),  with  the  animals  under 
light  nembutal  anesthesia.  The  lavage  fluid  consisted  of  0.84%  sodium  chloride  containing 
1..5%  glucose.  Thirty  ml.  of  fluid  were  placed  in  the  peritoneal  cavity,  and  replaced  hourly 
with  fresh  fluid  for  24  hours  in  the  first  experiment,  and  7  hours  in  the  second. 

Calcium  concentrations  in  the  lavagi*  fluid  removed  were  determined  with  a  flame  sjx'ctro- 
pliotometcr,  after  precipitating  the  calcium  with  ammonium  oxalate  and  nulissolving  it  in 
perchloric  acid  ami  isoproi)yl  alcohol. 

KKSULTS  .\NI)  DISCUSSION 

In  the  first  experinumt.  the  lavage  procedure  was  run  continuously  for  24  hours.  The 
ability  of  animals  with  spleen-implanteil  parathyroids  to  supply  ealeium  to  the  jieritoneal 
fluid  was  eomitared  to  that  of  normal  and  parathyrohleetomized  rats.  The  data  are  sum- 
inarizi'd  in  Table  1.  .\nimals  with  parathyroids  implanted  in  the  sjileen  maintained  lav¬ 
age  fluid  calciums  significantly  above  those  of  iJarathyroideetomized  rats,  but  only 


T.ABI.K  1.  HkI..\TIVK  ABII.ITY  ok  SIM.EKN-IMCI.A.NTEl)  PARATHYROID  OI.ANDS 
TO  REPLACE  CAI.CH  M  REMOVED  BY  PERITONEAL  LAVAGE 


No. 

('alriiitn  )  in 

lavajK' 

flflid,  mean  ±  S.K. 

Treafiiu*nt 

rats 

Hour 

Hour 

.5 

Hour 

8 

Hour 

11 

Hour 

14 

Hour 

17 

Hour  %  of 

20  Noriual 

Normal 

4 

.5.14 
±  .  2.5 

4,. 54 
±  .2:1 

4.. 54 
±  .10 

4.47 
±  .10 

4 .  .5a 
+  .28 

4.7a 
+  .17 

a. 84  4.68  KM) 

±  .10 

Sploen-impta  iitcd 

4 

4  .  :I2 
±  .  l'.» 

4.(11 

±  .:u 

4.26 
±  .17 

a.  80 
±  .2.5 

4.04 
+  .08 

4.08 
+  .26 

a. 01  4.06  87 

±  .20 

PaiathyroidiH*tf»mjzcd 

4 

2.. 10 
±  .1.'? 

a.ao 
+  .:{2 

a.ia 
±  .16 

a.  77 
±  .28 

a  1.5 
±  .17 

a..aa 
+  la 

a.ao  a  18  6o 
±  .28 

of  the  level  held  by  iiarathyroid-intaet  controls.  While  it  was  obvious  that  the  sideen- 
iinplanted  parathyroids  were  actively  secreting  hormone,  they  demonstrated  a  ri'duced 
ca|)acity  to  replenish  the  calcium  removed  in  these  test  conditions. 

To  determine  whetluT  the  lower  calcium  titre  maintained  by  animals  with  spleen-im¬ 
plants  was  due  to  tlnur  location  in  the  hejiatie  tiortal  circulation,  a  second  experiment 
was  run.  In  addition  to  the  three  groujrs  used  earlier,  a  fourth  group  was  added  in  which 
the  parathyroids  were  im])lanted  in  the  peripheral  circulation  (testis).  Since  the  long 
lavage  duration  ajipean'd  unnecessary,  thts  experiment  was  terminated  after  7  hours. 
These  data  are  summarized  in  Table  2.  C'alcium  values  of  lavage  fluid  taken  from  ani¬ 
mals  with  testes-imiilanted  jiarathyroids  were  not  statistically  lower  than  normal  con¬ 
trol  levels.  However,  again,  the  ealeium  levids  from  those  animals  with  spleen  im])lants 
were  significantly  lower  than  normal  controls,  but  well  above  those  from  jiarathyroid- 
'•ctomized  rats. 

It  is  eoneliided  that  partial  inaetivation  of  parathyroid  liormone  during  passage 
through  the  liver  is  r(‘sponsib!e  for  die  lessened  capacity  of  spleen-implanted  para- 
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TaKI.E  2.  HelATIN  K  ability  of  TESTIS-IMl’EANTEI)  AM)  SIM, EEN-I  M  I’l. ANTED  I’AKATHYROII) 
CI.ANDS  TO  REIM.AI  E  <  Al.(  H  M  KEMOVEI)  BY  |•ERITO^EAI,  l.AVAOE 


No. 

rats 

(’i 

[dciiim  (m(!. 

%)  in  lav, 

aK<‘  fluid. 

mean  ±.''.1 

'rreal  iiUMit 

Hour  1 

Hour  3 

Hour  7 

Hour  7 

■Vveraftc 

%  of 
normal 

Normal 

4 

4.:t3 

4,. 7(1 

.7 . 23 

7.10 

4 . 7it 

100 

±  .  10 

±  .20 

±41 

±  .27 

I’estis-implanled 

4 

4.18 

4.48 

4.08 

5 .  o') 

4 . 72 

08 

±  .77 

±  .20 

+  .17 

+  ••Vi 

SpleiMi-iinplanted 

t 

3.:43 

3.74 

4.;t3 

4  .  (iO 

4.00 

8:i 

±  .  20 

±  .  10 

±  .  10 

±  .2.7 

Parathyroidectoniizcd 

4 

3 . 43 

3 . 4.7 

3.78 

3.00 

;; .  03 

73 

±  .28 

r  .21 

±  .14 

±  .  10 

thyroiil  tissue  to  reiilace  diffusililc  calcium  nMuovcd  hy  iKMitoiical  lavajtc.  i'lic  cxtiMit  of 
tlic  apjiarcut  inactivation  is  unaiti'r  than  anticijiatiMl  from  tlic  lack  of  marked  comiMMisa- 
tory  hyi)(Mtro])liy  noti'd  in  histological  sections.  Howi'vim-.  a  numhiM-  of  authors  have  rc- 
])ortcd  only  sliftht  n'sciuMativc  cajiacity  (12.  13)  of  this  tissue  aftiM-  unilatiMal  parathy¬ 
roidectomy.  These  (‘xpiMinuMits  hear  out  one  of  tlu*  difficulties  in  the  study  of  parathy¬ 
roid  tissiu';  namely,  obvious  secretory  idiaiifies  can  not  as  yet  he  detected  hy  changes  in 
the  cytology  of  the  tissue. 

Hk'hahi)  Davis-  and  Hoy  V.  Tae.magi; 

!)( purtuK  ut  of  liiologi/ 
liia  Institute 
Houston,  Texas 
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THK  KFFKCT  OF  FH()LA(  TlX  OX  THK  XAXTHIXK  OXIDIZIXAJ 
ACTIVITY  OF  IMOKOX  TISSFKS' 

AHSTH  AC  T 

The  injection  of  prolactin  into  pigeons  was  found  to  lower  the  xanthine  oxidizing 
activity  of  liver,  kidney,  pancreas  and  especially  crop  sac.  Prolactin  also  decreased 
the  anmunt  of  tiric  acid  excrete(l. 

here  ai)pears  to  he  it  factor  in  tin*  ])itiiit!iry  gland  of  the  rat,  wlii(di  stijtpri'sses  tin* 
xa  liine  oxidizing  activitv  of  the  liver,  since  Ueid,  O’Xeal  and  Lewin  (1)  observed  an 
im  ase  in  this  activity  following  hypophysectoniy.  That  the  pituitary  factor  involved  is 
not  liidwth  hormone  is  evident  from  the  finding  of  these  workers  that  injection  of  growtli 
ho:  none  into  hypophvsectomizc'd  rats  did  not  lower  the  xanthine  oxidizing  activity;  and 
sin  ■  :i<lrenaleetomy  of  normal  rats  lowers  tin*  activity  in  the  livc'r,  the  sui)pressing 
la(  If  does  not  seem  to  he  adrenocorticotrophin.  One  of  tin*  pituitary  hormones  which 
iniL  it  he  test('d  for  this  ability  to  suppress  the  level  of  xanthine  oxidizing  activity  is 
pro  .ictin.  .Vs  a  preliminary  experiment  in  the  study  of  this  and  related  (luestions.  the  ef¬ 
fect  of  prolactin  on  xanthine  oxidizing  activity  was  testi'd  using  normal  pigeons,  whose 
crop  sacs  are  especially  sensitivt*  to  tlu*  injection  of  prolactin  (21. 

K.Xl’KKIMKXIAl, 

.-"liver  King  pigeons  weighing  about  ")((()  gm.  were  u.sed.  Daily  doses  of  0."2.5  ing.  pro¬ 
lactin  were  given  for  four  days,  and  the  birds  were  killed  on  the  fifth  day.  The  prolactin  us(‘d 
was  prepared  by  the  procedure  of  C'ole  and  hi  (d). 

After  killing  the  birds  by  decapitation,  tissues  were  quickly  (‘xcist'd  and  chilled  on  ice.  The 
weight  of  each  tissue  was  d(‘terniiiu‘d,  and  then  the  tissue  was  niince<l  with  scissors  and 
li(unogenize<l  in  10  volumes  of  cold  ().().i%  KCl.  The  homogenization  was  carried  out  for  "2  :> 
minutes  in  a  glass  homog(‘iuz(‘r  with  “Teflon"  pestle.  In  most  cases  the  homogenate  was  cen¬ 
trifuged  for  10  minutes  at  4800  X(<  iti  the  cold,  anil  the  supernatant  tluiil  used  for  assay.  'I’lie 
whole  homogenati"  was  assayed  on  occasion  and  showed  the  same  specific  activity  as  the  super- 
luitaiit  fluid. 

■Xanthine  oxidizing  activity  was  measured  by  the  procedure  of  Kalkar  (4)  after  confirming 
th.at  the  conditions  stiggested  were  o|)timal  for  activity  measurements  in  the  pre.sent  case. 
1  )co\\ ribonucleic  iicid  (1)X.\)  and  ribonuch'ic  acid  (HX.\)  were  determined  respectively  by 
the  proceduri*  of  Siebert  (5),  iind  of  .Mbaum  and  I'mbri'it  (0)  after  the  extraction  of  nucleic 
acids  from  the  tissue  according  to  the  procedure  of  (Ireenbaum  and  Slater  (7). 

bxcreta  of  the  pigeons  was  collected  on  plastic  ])ads  whii-h  covered  thi*  floor  of  the  cages. 
Trie  acid  was  isolated  from  the  excreta  as  described  by  .lohnson  and  .lohnsou  (8). 

itKsrLTs  .xNi)  mscrssiox 

It  is  apparent  from  the  ihita  |)reseuted  in  Table  1  that  after  the  inji'ctiou  of  prolactin 
into  pigeons,  the  xatithine  oxidizing  activity  per  mg.  id'  tissue  was  lowered  in  the  case  of 
liver,  piincreas  and  kidney  as  well  as  in  the  case  of  cro))  sac.  It  is  of  interest  that  the  crop 
sac  whose  growth  is  espi'cially  sensitive  to  prolactin,  shows  an  especially  large  change  in 
acti\  ity.  The  lowering  of  xanthine  oxidizing  activity  in  thi*  tissues  of  pigeon  by  the  injec¬ 
tion  of  ))rolactin  is  reflected  in  the  lowered  production  of  uric  acid;  uric  acid  isolated 
front  the  excreta  during  the  four  days  of  injection  was  ().d4 0.42  gm.  for  each  uninjected 
bird  and  0.20 0.22  gm.  for  each  bird  receiving  prolactin. 

That  the  su|)pression  of  xanthine  oxidizing  activity  is  eorri'lati'd  with  the  accumula¬ 
tion  of  DX.A  and  HX.\  in  tin*  crop  sac  is  clear  (sec  'Table  2).  Indeed,  tin*  correlation  is 
tnaimained  if  the  inji'ctions  of  prolactin  are  continued  for  a  total  of  eight  days  in  that 
the  1,’X.V,  1)X.\  and  xanthine  oxidizing  levels  remain  essentially  constant  even  though 
the  rop  sac  increases  in  weight  from  ij  to  7  grams.  'The  data  also  show,  howi'ver,  that 
no  ' n  il  correlation  holds  in  the  liver  since  there  is  no  significant  change  in  1)X.\  content 
'vhi!  the  enzymic  level  in  tin*  liver  was  lowered  in  much  the  same  way  as  in  the  case  of 
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Tabi.k  1.  Xanthine  oxidizincj  activity  of  imc.eox  tissues 


.\ctivity*, 

/gm.  tissue 

Total  activity 

in  tissue 

Tissue 

Control 

I>igoons 

1  Pigeons 

receiving 
'  prolactin 

Control 

pigeons 

Pigeons 

receiving 

lirolactiu 

Crop  sac 

25  ±5** 

7  ±3 

:ii 

26 

Liver  1 

40+2 

15  ±2 

:194 

258 

Kidnev 

90  +  16 

:18  +  7 

:i:15 

2:18 

Pancreas 

70  ± :{ 

24  +  1 

175 

114 

Kach  figure  represents  the  average  of  7-8  hirils. 
*  mK-  xanthine  oxidized /minute. 

**  .\verage  deviation. 


Table  '2.  nucleic  acid  content  ok  imc.eon  tissues 


1  is.sue  or  constituent 

.Vmount 

in  total  tissue 

’  Control  pigeons 

Injected  jiigeons 

Crop  .srtc 

! 

Total  weight 

1  1.5  gm. 

5.0  gm. 

RXA 

1  2.2  mg. 

39.0  mg. 

DXA 

1  1.6  mg. 

19.0  mg. 

hirer 

' 

Total  weight 

12  gm. 

15.0  gm. 

DXA 

56  mg. 

62.0  mg. 

Kaeh  figure  repre.sents  the  average  of  12  birds,  .\verage  deviation  of  the  results  was  about 
17%  in  all  eases. 


crop  sae.  Therefore,  it  does  not  apiiear  that  jirolaetin  controls  levels  of  I)X’.\  anil  RX.\ 
simply  as  a  result  of  inhibition  of  juirine  eataholisin,  even  though  xanthine  oxidase  may 
jday  a  key  role  in  such  catabolism  (9).  While  these  data  do  not  pi'rmit  conclusions  re¬ 
garding  the  mechanism  of  action  of  prolactin,  they  do  suggest  at  least  a  partial  explana¬ 
tion  of  the  findings  of  Reid,  O’Xeal  and  Lewin  (1)  since  on  the  basis  of  the  jiresent  data, 
hy])oj)hysectomy  would  be  exiiected  to  increase  xanthine  oxidizing  activity  by  remov¬ 
ing  the  source  of  prolactin. 

1’hakash  (’iiANi)iiA,  Leticia  Mexdiola  and  R.  David  (’ole 
Department  of  Biorhemistrp 
I  'nirersitji  of  California 
Berkeley,  California 
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TUK  ENIKX'RIXE  S(X1ETY 
XMiO  Annual  Meetinc; 

The  Korty-Seeond  Annual  Meeting  of  The  lYuloeiine  Society  will  he 
ehl  in  the  lYlen  Hoc  Hotel,  Miami  Beach,  Pdoricla,  Thursday,  Friday,  and 
aturday,  June  0,  10,  11,  1000. 

J'he  ('hairnian  of  Local  Arrangements  is  Dr.  Kenneth  Savard. 

Scientific  Sessions  will  he  held  from  0:00  a.m.  to  5:00  p.m.  daily  and  in 
ddition  there  will  he  simultaneous  afternoon  sessions.  The  annual  dinner 

scheduled  for  Friday,  June  10  at  7:50  p.m.  preceded  hy  cocktails  at 
I  :50  P.M. 

All  memhers  are  urged  to  make  their  hotel  reservations  immediately, 
'i'he  I'iden  Hoc  will  hold  250  hedrooms  and  the  adjoining  hotels,  the  Mont- 
liiartre  Hotel  and  Lucerne  Hotel  will  hold  75  rooms  each,  for  memhers 
until  May  1,  1000,  after  which  time  the  hotel  will  not  guarantee  further 
tcservations.  Therefore  it  is  imperative  that  you  make  your  reservations 
now  directly  with  the  hotel,  advising  them  of  time  and  date  of  arrival  and 
departure.  If  you  plan  on  remaining  through  June  12th  for  the  American 
•Medical  .\ssociation  and  other  meetings,  it  is  imperative  that  your  reser¬ 
vation  he  made  from  .June  12th  on,  directly  through  the  .^.M.^V.  Housing 
Bureau,  c/o  Miami  Beach  C'onvention  Bureau,  1700  W  ashington  Avenue, 
•Miami  Beach,  Florida,  since  no  reservation  heyond  this  date  can  he  ac- 
(•<‘pted  directly  hy  the  hotels.  Make  your  reservations  now  and  avoid 
disappointment.  Hotel  reservation  card  will  he  mailed  to  memhers  shortly 
after  January  1,  1000. 

Final  program,  memhership  card  and  advance  registration  forms  will 
he  sent  on  May  1st  1000  to  memhers  whose  current  dues  have  been  paid. 

Those  wishing  to  pre.sent  papers,  which  will  he  strictly  limited  to  ten 
minutes,  should  send  an  original  and  four  copies  of  the  title  and  abstract 
to  the  Vice-President,  Dr.  Hohert  H.  W'illiams,  I’niversity  of  W'ashington 
School  of  Medicine,  Seattle  5,  W'ashington,  not  later  than  February  15, 
loot).  It  is  imperative  that  the  abstracts  he  informative  and  complete 
with  results  and  conclusions — not  a  statement  that  those  will  he  pre.sented 
at  the  meeting  in  order  that  they  may  he  of  reference  value  and  suitable 
for  printing  in  the  program.  The  reading  and  processing  of  approximately 
two  hundred  abstracts  submitted  each  year  and  compiling  of  the  program 
f'om  the.se  involves  a  tremendous  amount  of  time  and  effort  on  the  part 
c-  the  Program  Committee.  THF  COUNCIL  H INQUESTS  THAT  AU- 
JIIOHS  ADHFHE  STHICTLV  TO  THF  FOLLOWTXC  HULLS 
V  HEX  SUBMITTIXC  ABSTHACTS,  OTHEHWTSE  THEY  CANNOT 
I  E  CONSIDEHED: 
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1.  IT  IS  ASSUMi:!)  THAT  ABSTRACTS  SUBMITTKI)  FOR  THIS 
PROdRAM  IIAVF  NOT  AND  WILL  NOT  BK  SUBMITTFI) 
KLSFWHKRF. 

2.  Al)stracts  may  not  exceed  two  hundred  words,  or  eciuivalent  space, 
exclusive  of  title.  Xo  footnotes  or  acknowledgements  to  sponsors  can 
he  published.  Reference,  if  used,  must  he  placed  in  the  body  of  the 
text.  The  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  chemical  formula  cannot  be  used. 

.‘L  The  title  heading  nuist  be  arranged  as  follows: 

Line  1.  Title,  not  to  exceed  fifteen  words: 

Line  2.  Author  s.  The  name  of  each  non-member  author  collaborat¬ 
ing  with  member-authors  is  (o  be  followed  by  the  phrase 
“(by  invitation)”.  Names  of  non-members  who  are  intro¬ 
duced,  i.e.,  who  are  not  collaborators  with  member-authors, 
are  to  be  followed  by  the  phrase  “(introduced  by  .  .  .  )”. 
The  principal  degree,  e.g.,  M.l).,  of  each  author  should  be 
written  after  his  name. 

Line  :L  Institution  of  origin  and  city  in  which  institution  is  located. 

4.  Authors  who  wish  receipt  of  their  abstracts  acknowledged  should  en¬ 
close  self-addressed  post  card  with  the  title  of  the  abstract  noted 
thereon. 

.').  Authors  are  also  to  enclose  dXo  filing  cards,  one  for  each  author, 
giving  his  name  and  initials  in  the  upper  right  hand  corner,  and  the 
complete  title  of  the  abstract  with  all  the  authors  listed  in  the  center 
of  the  card.  There  should  be  a  .second  card  enclosed  listing  the  title 
and  all  authors  and  mailing  address  of  the  senior  author.  This  is 
nece.ssary  for  indexing.  Senior  authors  will  be  notified  of  the  accept¬ 
ance  of  their  papers  for  the  final  program. 

().  The  body  of  the  abstract,  typed  double  space,  should  follow  the 
heading.  The  original  copy  should  be  on  bond  paper.  The  original 
and  four  copies  should  be  forwarded  to  Dr.  Williams. 

7.  Abstracts  should  be  letter  p(Mfe(  (,  since  there  will  be  no  opportunity 
for  proof  reading  by  the  authors. 


IfMiO  AWARDS 

The  selection  of  the  recipients  of  the  awards  of  The  Endocrine  Society  is 
made  by  a  Committee  appointed  by  the  Council  of  the  Society.  The.se 
award.s  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 


.1  iitui'irii.  mtio 
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Fkei)  Conrad  Koch  Avv  AUD 

During  tlie  past  year  a  sul)sta!itial  legacy  has  been  hecpieathed  tlie  So¬ 
ciety  by  the  late  lOlizabeth  Koch  for  the  purpose  of  establishing  the  Fred 
Conrad  Koch  Memorial  Fund  in  memory  of  her  late  husband,  distin¬ 
guished  service  professor  of  physiological  chemistry  at  the  University  of 
Chicago  and  pioneer  in  the  isolation  of  the  androgens.  This  is  to  be  the 
highest  honor  of  the  Ihidocrine  Society  and  is  to  be  represented  by  a  medal 
that  is  to  be  known  as  the  Koch  Medal  of  The  hhulociine  Society.  The 
medal  and  honoraiium  of  Sd,’)!)!)  is  to  be  given  annually  to  an  individual 
for  work  of  special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  jnesented  by  members 
of  the  Society  and  is  limited  to  citizens  of  the  United  States  and  C'anada. 
This  award  will  replace  the  Medal  of  the  Ihidocrine  Society  which  was  es¬ 
tablished  in  IDod  and  presented  to  Dr.  ('ai‘1  .Moore  in  ID.')'),  Dr.  Frederick 
L.  llisaw  in  1D.')(),  Dr.  .Joseph  ('.  .\ub  in  1D')7,  Dr.  I.L.  Chaikoff  in  1D.')S  and 
Dr.  Wilbur  W.  Swingle  in  1D.')D.  The  Fndo(*rine  .Medal  replaced  the  hh  R. 
S(|uibb  .\ward  which  was  formerly  the  highest  honor  bestowed  by  the  So¬ 
ciety.  Fast  recipients  of  the  Scpiibb  .Vward  were  Dr.  (leorge  W.  ('orner  in 
1D4(),  Dr.  Philip  Iv  Smith  in  ID  11,  Dr.  Fred  (\  Koch,  1D42,  no  award  was 
given  in  lD4d,  Dr.  !•].  .\.  Doisy  in  1D44,  Di-.  1*].  (\  Kendall  in  1D4.'),  Dr. 
('arl  ().  Hartman  in  1D4<),  Drs.  Carl  F.  and  (lerty  T.  ('ori  in  1D47,  Dr. 
Fuller  .Vlbright  in  1D4S,  Dr.  Herbert  l']vans  in  1D4D,  Dr.  C.  X.  11.  Long  in 
1D.')(),  Dr.  .1.  H.  ('ollip  in  1D.71,  Dr.  .James  H.  .Means  in  1D.')‘2  and  Dr.  David 
.Marine  in  ID.'))!. 

The  C'lBA  .VwAKi) 

The  (4ba  .Vwaid,  to  recognize  the  meritorious  accomplishments  of  an  in¬ 
vestigator  not  more  than  ii')  years  of  age  in  the  field  of  clinical  or  ])reclinical 
endocrinology,  was  established  in  1D42,  but  no  reci])ient  was  selected  in 
1D42  or  1D4;L  In  1D44  the  .Vward  was  presented  to  Dr.  IL  B.  .\stwood, 
1D4')  Dr.  .Jane  .\.  Bussell,  1D4()  Dr.  .Martin  .M.  Hoffman,  1D47  Dr.  (Mioh 
Hao  Li,  1D4S  Dr.  C'arl  Heller,  1D4D  Dr.  (leorge  Sayers,  1D.')()  Dr.  Oscar  .M. 
Hechter,  ID.M  Dr.  .Mbert  Segaloff,  1{).')2  Dr.  Seymour  Lieberman,  IDoli 
Dr.  Sidney  Roberts  and  Dr.  Clara  Szego  (.Mrs.  Roberts),  1D.')4  Dr.  Isadore 
.M.  Rosenberg,  IDoo  Dr.  .Jack  dross,  IDoti  Dr.  .Vlfred  .M.  Bongiovanni, 
1D,a7  Dr.  Nicholas  S.  Halmi,  1D.)S  Dr.  .Monte  .\rnold  (Ireer,  and  19.51)  Dr. 
Cordon  L.  Farrell.  Prior  to  19')2  the  .\ward  was  81,200.  It  has  now  been 
increased  to  .82, .500. 

The  .\yekst  and  the  Squihh  Fellowships 

The  .Vyerst  Fellowship  was  established  in  1947  and  the  Scpiibb  Fellow¬ 
ship  in  19.5().  They  are  designed  to  assist  men  or  women  of  exceptional 
promise  in  furthering  their  advancement  towards  a  career  in  endocrinology. 


i 


320 


THE  ENDOCRINE  SOCIETY 


Vohinif  Olj 


Kach  P'ellowship  is  awarded  on  alternate  years  and  the  stipend,  which  will 
not  exceed  So, 000  may  he  divided  into  two  Fellowships  in  varying  amount> 
in  accordance  with  the  (lualifications  of  the  appointees.  Individuals  pos¬ 
sessing  the  M.l).  or  Ph.I).  degree,  or  candidates  for  either  of  these  degrees, 
are  eligible  for  appointment. 

Applicants  must  submit  the  following  information: 

1.  hividence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

R.  \  pioposed  program  of  study. 

4.  .Vcceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

■).  .V  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  lo  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 

The  Schering  and  the  ITmohn  Scholars  of 
The  Fndocrine  Society 

The  (\)uncil  of  The  hhidocrine  Society  has  established  a  category  of 
Scholars.  These  grants  have  been  made  available  through  the  generosity  of 
the  Schering  Corporation  and  the  Upjohn  C’ompany,  and  will  be  awarded 
to  established  investigators  and  teachers  in  the  fiehl  of  endocrinology  who 
wish  to  extend  their  opportunities  for  work  either  in  this  country  or  abroad. 

The  awards  will  not  exceed  .S2,.)0()  annually  for  each  individual  and  will 
be  granted  on  the  basis  of  proposals  submitted  by  the  applicant.  Such  ap¬ 
plications  should  include  estimated  financial  needs.  The  funds  may  be  used 
for  travel,  maintenance  and  other  expenses. 

Xotni  nations 

Nominations  for  the  hhed  Conrad  Koch  Award;  the  Ciba  Award:  and 
the  Ayerst  and  the  Stjuibb  Fellowships  may  be  made  by  any  member  of 
The  hhidocrine  Society.  They  should  be  submitted  on  forms  which  may  be 
obtained  from  the  Office  of  the  Secretary,  1200  North  Walker  Street,  Okla¬ 
homa  City  R,  Oklahoma.  Completed  nominations  should  be  returned  to  tlu 
Secretary  not  later  than  October  lo,  lOoO. 

Propo.sals  for  appointments  as  Scholars  of  The  Endocrine  Society  shouli 
be  made  in  writing  by  the  individual,  and  addressed  to  the  secretary  o 
the  Society.  They  should  be  submitted  by  October  15,  1950. 

The  Awards  Committee  will  meet  in  October  and  notice  of  awards  to  siu 
cessful  nominees  and  applicants  will  be  made  not  later  than  December  1st 


ANNOUNCEMENTS 

1()()0  LAUHENTIAN  HOHMONK  CONFKRKNCK 


rHl‘]  !{)()()  Laurentian  Hormone  Conference  of  the  AAAS  will  he  held 
at  Mont  Treinhlant  Lodge,  Mont  Tremhlant,  Quebec,  during  the 
eek  September  4-t).  Investigators  interested  in  attending  this  Conference 
>  lould  make  application  to  the  Committee  on  Arrangements  of  the  Lauren- 
1  an  Hormone  Conference,  222  Maple  Ave.,  Shrewsbury,  Massachusetts, 

;  t  an  early  date  and  in  any  event  no  later  than  May  Id,  ItKiO.  A  conference 
late  of  SI 4.00  per  day  per  person  is  extended  to  all  invited  participants. 
Mnce  the  number  of  our  participants  is  necessarily  limited  by  available 
a ‘commodations,  all  applications  are  screened  and  invitations  to  attend 
are  issued  by  the  Committee  on  Arrangements  by  the  second  week  in 
.June.  The  following  program  has  been  arranged. 


lOfiO  LArHKXTlAX  IIOH.MOXH  COXFHRKXCK  PROdHAM 
Ski’tkmhkk  4  Tiiuortai  !) 

I.  ’ri:sTi;s  Function 

1  iiiictioii  of  iioiTiiid  and  abnormal  testicular  interstitial  cells  in  the  mouse. 

Robert  \.  Husebv,  Fniv.  of  Coloriido,  Denver;  Osear  Domiiifuiez  and  L('o  T.  Samuels, 
Fniv.  of  rtab,  Salt  Lake  City 

Siindny  (vening,  September  4 


(lenetic  aspc'cts  of  male  hypogonadism. 

11.  Xowakowski  and  W.  Lmiz,  I'niw-Klinik  und  Roliklinik, 
( Jenna  ny 


Mondag  morning,  September  3 


llamburg-Kpi>endorf, 


11.  IIORMONKS  AND  RkPHODUCTION 
F.rncie  acid  and  n'production. 

Robert  L.  Xobl(>,  Fniv.  of  Western  Ontario,  London,  Canada 
Mondag  morning,  September  3 

Comparative  physiology  of  reproduction  and  endocrinology  of  female  domestic  animals. 
V.  Xalbandov,  Fniv.  of  Illinois,  Frbana,  Illinois 

Mondag  evening,  September  3 

I  'trogen  metabolism  in  the  human  fetus  and  new-born. 

K.  Diezfalusy,  Karolinska  Institut,  Stockholm,  Sweden 
Tuesdag  mornhig,  September  6 

Placental  transmi.ssion  of  hormones. 

Claude  Migeon,  .Johns  Iloj)kins  Hospital,  Baltimore;  .Jean  Bertrand,  llo])ital  Fdourard 
llerriot,  Lyon,  France;  Carl  (Jemzell,  Karolinska  Institut,  Stockholm,  Sweden 
Tuesdag  morning,  September  6 

:  he  metabolic  influence  of  progesterone  in  man. 

Richard  L.  Landau,  Fniv.  of  ('hieago,  Chicago,  Illinois 
Tuesdag  evening,  September  6 
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III.  Aldostkronk 

Mochanisins  roKulatinn  the  secretion  and  inetaholisin  t)f  aldosterone. 

.James  ().  Davis.  Xational  Heart  Institute,  Hetliesda,  Maryland 
Wednesday  mortiing,  September  7 

Tin*  role  of  aldosterone  in  experimental  nei)hrosis  in  tin*  rat. 

Claude  .1.  P.  (Jiroud,  Montreal  ('liildren’s  Hospital;  Xorman  Kalant.  J(‘\visli  (leneral 
Hospital,  Montreal;  R.  H.  Despointes,  and  I).  Das  (iupta,  Montreal  ('hildren’s 
Hospital,  ^lontreal 

Wednendny  morning,  September  7 

Clinical  endoerinolony  of  aldosterone. 

Jerome  (Vmn,  rniversity  Hospitals,  .\nn  .Vrhor,  Miehif'an 
Thursdny  morning,  September  S 

IV.  Hohmonks  and  Klkctrolytk  Mktaholism 

Comparative  |)liysiolony  and  i)harmaeoloKy  of  the  neuroliypopliysis. 

\V.  H.  Sawyer,  Columbia  Cniversity,  (’olleRe  of  Physicians  and  Surf;eons,  Xew  York 
Thursday  morning,  September  S 

The  eff(>ets  of  neurohypo|)hyseal  hormone  on  ixTineahility  and  transport  in  living  mem¬ 
brane. 

Alexander  I,eaf  and  Richard  M.  Hays,  Massachusetts  CeiH'ral  Hospital,  Boston 
Thursday  evening,  September  S 

V.  Hohmonks  and  Okgank’  .Mktaholism 

The  regulation  of  glucose  uptake  in  muscle  by  hormoiu's  and  other  factors. 

C.  R.  Park,  Vanderbilt  Cnivc'rsity,  Xashvilh'.  'remu'ssee 
Friday  morning,  September  H 

The  direct  action  of  hormoiu's  on  livc'r  metabolism. 

Leon  L.  .Miller,  Cniversity  of  Rochester,  Xew  York 

Friday  morning,  September  !J 


.\HRKSTAGUNG  DER  INTERNATIONAL  SIKMETY  OF 
NEUROVEGETATIVE  RESEARC^H:  GRUNDUNGS- 
TAGUNG  DER  DEUTSCTIEN  NEURO- 
VEGETATIVEN  GESELLSC^HAFT 

voM  29.  BIS  31.  .luLi  19()0 
IN'  Freudenstadt  ScHWARZWALI) 

Ehr-  ti-Prdsidimn :  Prof.  Dr.  W.  K.  Hess,  Ziirieh 

Tag  sngs-Leilung:  Prof.  Dr.  A.  Sturm,  Wuppertal  und  Prof.  Dr.  I*]. 
Tonutti,  Tubingen 

X.  XKrROVKdKTATlVKS  SY.MPOSlOX 

Vorliiiifigcs  Progrnmm  dor  wissonscdiaftlicdu'n  Sitzungon  am  29.  VII.,  vorm.,  nachm.  and 
:i().  VII.  vorm.: 

/.  Ihniptthema:  1! ypothalamische  Steuening  der  ACTH-Sekretion 

M.  Mosingkk,  Marsoillo  (Institut  d’Hygiono  industriollo,  do  Mcdccim'  du  Travail 
('t  do  M^dooino  I^galo) 

‘Hypothalamus,  .\('TH  ot  oortioost^roidos.  R('ohorohos  o.\i)^rimontalos” 

.1.  \V.  M.\son  and  K.  Sachak,  Washington — rS.\  (Waltor  Rood  .\rmy  Instituto  of 
Rosoaroh,  I)o])artmont  of  Xcuiroondoorinology) 

“Tho  rolo  of  Limhio-systom  struoturos  in  tlio  rogulation  of  AC'TH-soorotion” 

S.  Okin'aka,  Tokvo — .Japan  (III.  Mod.  Klinik,  I’nivi'rsity  of  Tokyo) 

“Dio  StoiKTung  dor  ACTH-Sokrotion  duroh  das  Limhisolio  Systom  und  don  Hy- 
pothalamus” 

S.  Katsuki,  Fukuoka — .Ia|)an  (Kyusliu  I'nivorsity) 

"(’('ntral  oontrol  of  .\drono-oortioal  aotivitios.  witli  spc'oial  roh'ronoo  to  tlio  func¬ 
tional  localisation  within  tlio  Hypothalamus” 

K.  Toxctti,  Tvihingon,  (.\natomisohos  Institut  diT  I'nivorsitat  Tiihingon) 
“l.okali.sation  dor  .\(’TH-Stouorung  im  Hypotlialamus” 

H.  (iuiLLKMiN  AND  V.  SOMALIA  (Dopartmoiit  of  Physiology,  Haylor  I'nivorsity 
(’ollogo  of  Modioino,  Houston,  I'S.V,  and  Lahoratoiro  d’Hndoorinologii'  F.xiicrimon- 
talo,  Collogo  do  Franoi',  Paris) 

“Zur  Frago  oinor  hypothalamisohon  (MiiTtriigiTsuhstanz  fiir  Stouorung  dor  .\(’TH- 
Si'krotion” 

F.  Hkni,  Ttihingon  (Modizinisoho  rnivorsitats-Klinik) 

“Dio  Binvi'rtung  dos  Eosino])hilontostos  als  Funktionsiirolx'  dos  Hy])oi)hyson- 
Xohonnioronsystoms” 

L.  Wkissbkckkr,  Karlsruhe  (II.  .Modizinisoho  Klinik) 

"Dio  Bowortung  dos  C'ortiooidnaohwoisos  in  Harn  und  Blut” 

Zur  Diskussion  vorgomorkt:  .\.  Lunkdki,  Floronz  und  E.  .\ndkrson,  Bothosda,  ES.V 
.ViiCorhalb  dos  Hauptthomas:  .1.  A.  Kappkiis,  Groningen  (.\nat.-Eml)ryol-Labor  dor 
I'liivorsitiit  Groningen) 

Dio  Innervation  <lor  Epiphvsis  oorobri  dor  Ratto” 

30.  VIE,  naohm.  und  31.  VIE,  vorm.: 

2.  He  •ptthema:  Die  eerehralen  vegetatiren  Anfdlle 

F.  Iroser,  Wiirzburg  (I'nivorsitats-Xorvonklinik)  Pborsiohtsroforat 
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H.  Gastaut,  Marspille  (Institiit  d’Anatomie  Pathologiquc,  International  Federoatin 
of  Societies  for  Electroencephalography  and  Clinical  Neurophysiology) 

“Le  diagnostic  polygraphique  (E.hi.G.,  E.K.G.  et  enregistrement  tensionnel)  entre 
les  crises  4pileptiques  et  les  crises  isch^miques  partielles)  ou  g4n4ralis4es” 

G.  Bklloni,  Padua  (Clinica  delle  Malattie  Xervose  e  Mentali) 

“Zur  vegetativen  Epilepsie” 

\V.  ScHULTK,  Giitersloh  (Landesheil-  und  Krankenanstalt) 

“Syncopale  Anfalle” 

R.  Mkykr-Mickeleit,  Freiburg  i.  Br.  (Abteilung  fiir  Klinische  Neurophysiologic  der 
I'niversitat  Freiburg) 

“Vegetative  Symptome  bei  der  temporalen  hipih'psie” 

P.  Gloor,  Montreal — Kanada  (Neurological  Institute,  McGill  I'niversity,  Montreal) 
“The  relationship  of  the  temporal  lobe  with  thalamus  and  hypothalamus” 

S.  Shimoda  (Tottori  I'niversity,  Japan) 

“The  Clinical  and  electro-encephalic  study  of  diencephalic  epilepsy” 

\V.  Birkmaver,  Wien  (Neurologische  Abteilung  der  Stadt  Wien-Lainz) 
“Mittelhirn-Anfalle” 

W.  ScHOBER.  Wien. 

“Zur  Frage  posttraumatischer  diencephaler  .Vnfalle” 

K.  J.  ZuLCFi,  R.  Ch.  Behrend  und  R.  Lohmann,  Kbln  (.\bt.  fiir  .\llgemeine  Neuro- 
logie  am  Max-Planck-Institut  fiir  Hirnforschung) 

“Zur  Frage  des  .Vngiospasmus  bei  der  Entstehung  (h‘r  Migraine  und  anden'r  Hirn- 
gefaCsyndrome” 

H.  Jantz,  Frankfurt  (.Main)  (I’niversitiits-Nervenklinik) 

“Pharmakologischc  BeeinfluCbarkeit  der  ceri'bralen  veg(‘tativen  .\nfalle” 

Zur  Diskussion  vprgemerkt:  H.  Pette,  Hamburg  und  G.  Bodechtel,  Miinchen 

“('ommunications  regarding  the  me(‘ting  should  be  directed  to  Professor  Dr. 
Sturm,  Medizinische  u.  Nervenklinik  der  Stadtischen  Kranken-.Vnstalten,  Wuppertal- 
Barmen,  Germany.” 


SYMPOSIUM  ON  UTERINE  IMPLANTATION  OF  OVA 


A  SYMPOSIUM  devoted  entirely  to  problems  relative  to  the  uterine 
implantation  of  ova,  in  animals  and  in  the  human  being,  will  be  held 
n  Brussels,  Belgium,  June  24-26,  1960,  just  before  the  First  International 
"ongress  of  Endocrinology  in  Copenhagen. 

It  is  being  organized  jointly  by  the  Societe  Nationale  Fran(,*aise  pour 
Etude  de  la  Sterilite  et  de  la  Fecondite  (President:  Professeur  P.  Funck- 
irentano)  and  the  Belgian  Section  of  the  International  Fertility  Associa- 
1  ion. 

All  interested  persons  are  invited  to  attend.  The  working  languages  will 
lie  English  and  French,  with  simultaneous  translation. 

Registration:  Dr.  P.  Wilkin,  75,  rue  General  Lotz,  Brussels,  Belgium. 
Registration  fees  (volumes  of  the  Proceedings  included):  20  dollars. 
Scientific  information:  Dr.  J.  Ferin,  42  Beukenlaan,  Ileverlee-Louvain, 
Belgium. 

PROCJR.^M  OF  THE  MAIN  LECTURES 


(!.  Mayer 

Bordeaux  (PTanee) 

R.  Canivenc 

Bordeaux  ( France) 

.\1.  Shelesnyak 

Rehov'otli  (Israel) 

B.  Boving 

Baltimore  (US.V) 

('.  Lutwak-Mann 

Cambridge  (England) 
li.  C.  .Vmoroso 


London  (England) 
E.  Ram.sey 


Baltimore  (US.\) 

A.  T.  Hertig 
Boston  (US.V) 

H.  Cartier,  F.  Moricard  et  R. 
-Moricaro 


Paris  (France) 

M.  CiAUUEFROY 
Lille  (France) 

K.  Bontke 

Cologne  (Germany) 

H  H AMPERE  ET  G.  HeLLWEG 
Bonn  ((iermany) 

P  Wilkin 

Bruxelles  (Belgique) 

P  Palmer 

Paris  (P'ranee) 


Morphologic  et  physiologic  compar4es  de  I’ovo-im- 

plantation 

La  nidation  diff4r4e 

The  mechanisms  of  deeidualisation:  experimental 
study 

Interplaj'  of  mechanisms  in  rabbit  blastocyst  im¬ 
plantation 

Biochemicals  aspects  of  ovum  implantation 

Factors  of  early  embryonic  death 

The  normal  nidation  in  the  rhesus  monkey  (Macaca 
Mulatta) 

The  nidation  of  normal  and  abnormal  fertilized  hu¬ 
man  ova 

Problemes  pos6s  par  I’activit^  s6cr6toire  de  I’^pi- 
th^lium  cylindrique  ut4rin  et  un  oedeme  du  chorion 
cytogene  pr^c^dant  la  nidation  de  I’oeuf 
PNploration  cyto-hormonale  de  I’endometre  apres 
nidation  r^cente 

Histochemistry  of  premenstrual  and  gravid  endo¬ 
metrium. 

Granular  stroma  cells  of  premenstrual  ami  gravid 
endometrium 

L’appareil  vasculaire  dans  I’endometre  pr^men- 
struel  et  gravidique 

Le  comportement  mu.sculaire  de  I’ut^rus  et  de  ses 
sphincters  k  I’^poque  de  la  nidation 
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S.  Aschhkim  kt  P.  Aschhkim  La  diagnostic  hormonal  dc  la  nidation  r^ccntc 
Paris  (France) 

J.  Fkrin  kt  a.  Van  Gansewinkkl  Lcs  h4morragics  dc  la  p^riodc  dc  nidation 
Louvain  (Belgique) 

L.  Snaith  The  early  spontaneous  abortions 

Xe\vcastle-on-Tyne  (England) 

(1.  1.  M.  SwYER  Therapeutics  problems  of  early  abortions 

London  (England) 

TRAINING  PROGRAM  FOR  STEROID  BIOCPIEMISTR^ 

The  Worcester  Foundation  for  Experimental  Biology,  Shrewsbury 
Massachusetts,  with  The  Department  of  Chemistry,  Clark  University, 
Worcester,  Massachusetts,  and  The  Department  of  Biochemistry,  College 
of  Medicine,  University  of  Utah,  Salt  Lake  City,  announce  the  HMiO-lhlil 
Session  of  the  Training  Program  for  Steroid  Biochemistry. 

To  alleviate  the  shortage  of  qualified  trained  personnel  in  steroid  re¬ 
search,  a  Training  Program  will  l)e  sponsored  by  the  Ignited  States  Public 
Health  Service  through  the  National  Cancer  Institute  of  the  National 
Institutes  of  Health.  The  courses  will  stress  both  theoretical  and  practical 
aspects  as  well  as  specialized  laboratory  techniciues  in  steroid  research. 

Post-doctoral  candidates  (M.D.  or  Ph.D.)  selected  for  admission  both 
at  Worcester  and  Utah  will  receive  stipends  of  $oo00  for  a  one-year  period. 
Pre-doctoral  randidates  (B.S.,  M.S.,  or  ecpiivalent)  selected  for  admission 
(only  at  Worcester)  will  receive  stipends  of  -SISOO  for  a  six-month  period. 
Send  iiKjuiries  and  recpiests  for  applications  to: 

Dr.  Kristen  Eik-Nes  Dr.  William  R.  Nes 

Department  of  Biochemistry  Department  of  Chemistry 

College  of  Medicine  or  Clark  University 

University  of  Utah  O.oO  Main  Street 

Salt  Lake  City,  Utah  Worcester,  Massachusetts 

Classes  start  October  1,  19()0. 

Final  date  for  completion  of  application:  June  1,  IBbO. 
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In  the  note  b\'  H.  C.  Kwaan  and  H.  J.  Bartelstone,  entitled  “Cortico-  ^ 
tropin  Release  Following  Injections  of  Minute  Do.ses  of  Arginine  ^’a.so-  I 
pre.s.sin  into  the  Third  Ventricle  of  the  Dog”  which  appeared  in  the  De  em-  I 
her  1959  issue  of  Endocrinology  the  following  errors  should  be  noted:  ’ 
Page  9S4 — 3rd  line  of  Addendum,  5  mmK-  should  read  5  m^g. 

Page  9S5 — Reference  No.  15 — the  first  name  “van  Dyke,  H.  B.”  should 
read  “Miller,  C.  P.” 


